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UCH OF THE published work dealing with 

17-ketosteroid excretion has been con- 

cerned with the values obtained from 
patients with various endocrinopathies. While 
a large number of values from normal subjects 
have been published, the number in each paper 
is small and the results of different workers is 
difficult to integrate statistically, due to the 
various modifications of the Zimmermann meth- 
od and the possible absence of homogeneity 
between the populations studied. The signifi- 
cance of extreme values is easy to evaluate, but 
some difficulty is encountered in interpreting 
the borderline values that are frequently found 
in studying the heterogeneous population en- 
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countered in general endocrine practice. Since 
most of the normal values published by Amer- 
ican workers are expressed in terms of means 
and ranges, tests of significance are difficult to 
apply, either to the deviation of a clinical de- 
termination from normal values, or the differ- 
ence between the results of two groups of 
workers. 

It seemed advisable to study the variations 
encountered in a homogeneous population of 
normal adult males, and to evaluate the re- 
sults by modern statistical methods. We were 
fortunate in obtaining permission to study the 
inmates of Waupun State Prison—a group of 
men who were under uniform conditions of 
diet, climate and exercise. All subjects selected 
were volunteers, with no obvious physical ab- 
normalities, in good health at the time of the 
assay and with prison sentences long enough 
to render them available for future analyses. 
Single 24-hour urine specimens were obtained 
from each of 56 prisoners. Twenty-four hour 
urine specimens, divided into sleeping and 
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waking periods, were obtained from 10 medical 
students in the third decade of life. Ten speci- 
mens, divided in the same way, were obtained 
from one of the students in the group. 


METHODS OF ANALYSIS 


Specimens were hydrolyzed for 15 minutes, 
with a 10 per cent concentration of hydro- 
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A. Reflux condenser for hydrolyzing urine 
specimens. 


Fic. 1 


chloric acid.? While many excellent types of 
apparatus are available for this step, most have 
the drawbacks of expense or fragility, or have 
ground glass joints, making their routine use 
difficult. We prefer to make the hydrolysis in 
2-liter Erlenmeyer flasks, which are inexpen- 
sive and readily obtainable, so that a large 
number of urine specimens can be diluted and 
acidified at once. Hydrolysis is carried out 
under a larger model of the simple reflux con- 
denser of Olson and Plass (1), figure 1 A. The 
specimens are cooled to 75° C., and extracted 
for 50 minutes in Hershberg-Wolfe continu- 
ous extractors, with 500 cc. of carbon tetra- 


2 Hydrochloric acid. 18° Baume. 
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chloride (2). These extractors have been modi- 
fied by the substitution of a 75/50 spherical 
joint and a Friederich condenser for the large 
standard taper joint /and glass-tubing con- 
denser used in the original extractor. The 
spherical joint has a definite advantage for 
routine use, since no care need be taken in 
lining it up after putting in a fresh charge of 
urine.® 

After extraction is complete, the carbon 
tetrachloride in the main body of the extractor 
is transferred to the boiling flask. This is fitted 
to a distilling head and the solution concen- 
trated to approximately 150 cc. on a sand-bath. 
After cooling, the specimen is washed 4 times 
with 10 cc. portions of 2N NaOH solution, de- 
livered from an automatic pipette, and the 
rose-colored pigment, with an absorption maxi- 
mum at 520 u is bleached out by shaking in a 
closed vessel with 10 cc. of a 10 per cent solu- 
tion of sodium hydrosulfite (Lycopon) in 1N 
NaOH until the color disappears, at which 
time the Lycopon solution is removed and re- 
placed by water for 10 minutes (3). At the end 
of this time the water is removed and the 
CCl, solution concentrated to approximately 
10 cc. in a 300-cc. boiling flask, also with a 
35/20 spherical joint to fit the distilling heads. 
The solution is then transferred to a 125-cc. 
Erlenmeyer flask, and evaporated to dryness 
on a 70° C. water bath, under reduced pressure. 

The washing of the solutions is most con- 
veniently done in a long-necked Erlenmeyer 
flask, of special design (fig. 1 B). These may be 
made by any competent amateur glass blower 
by sealing a 25200 Pyrex test tube to the 
neck of a 125 cc. Erlenmeyer flask. When 
separatory funnels are used for washing the 
solutions, 6 separatory funnels are needed for 
the 6 washings. To remove the supernatant 
layer after each washing it is necessary to drain 
off the 150 cc. of washed solution before the 
10 cc. of supernatant can be removed. Without 
taking up an inordinate amount of space with 
separatory funnels and racks, it is impossible 
to wash more than one solution at a time. When 
the special flasks are used, it is possible to per- 
form the 6 stages in the same vessel, removing 
the supernatant layer by aspiration with a 


3 These extractors were made for us by Ace Glass, Vine- 
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right-angled capillary, connected through an 
aspirator bottle to a source of negative pres- 
sure. It is not advisable to attempt to remove 
the last of the supernatant by one aspiration, 
but to add a small amount of water to the re- 
maining traces of supernatant, and remove this 
through the aspirator. The use of these flasks 
makes it possible to wash 8 samples in the time 
required to wash 2 by the use of the conven- 
tional separatory funnel. 

The dry steroidal gums are then diluted with 
95 per cent alcohol, to 10 cc. in glass-stoppered 
volumetric flasks. All analyses reported were 
made by the Holtorfi-Koch method (4) using 
5N aqueous KOH and 1 hour for color develop- 
ment in thermostatically controlled water bath 
maintained at 25°+.05° C. (5). Two-tenths 
and 0.1 cc. aliquots of the sample are analyzed. 
Since the calibration curve is non-linear at 
higher concentrations, when the first sample 
does not give a value twice that of the second, 
the solutions are diluted until this relationship 
is obtained. This procedure does not give as 
precise results as running duplicates at the 
same concentration, but is more accurate. Dilu- 
tions are made until duplicate values within 1.5 
mg. are obtained for the 24-hour value, and 
the mean of these two figures taken. The dilu- 
tion of the sample at the end of the run with 
10 cc. of alcohol may be handled conveniently 
by the use of two 100-cc. burettes, fitted with 
bent tips to deliver the alcohol into adjoining 
tubes in the rack. 

The colors developed from urinary steroids 
by the Holtorff-Koch methods have a high 
absorption at 420 uw, which makes use of a 
color-correction equation impractical (6). 

Comparison of various modifications of the 
Zimmermann method. Different workers using 
the Zimmerman method for clinical assays 
have developed their own modifications of it. 
These modifications differ in the strength of the 
alkali employed for developing the color and in 
the amount of water in the reaction mixture 
which, in turn, depends mainly on whether al- 
coholic or aqueous KOH solution is used. There 
are three main modifications in current use: 

1. The original Friedgood-Whidden method 

(7) in which 2N aqueous KOH is used and 
all reagents are dissolved in 95 per 
cent alcohol. 
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2. The Callow (8) absolute-alcohol tech- 
nic, in which 2.5N alcoholic KOH is 
used and all reagents are dissolved in 
absolute alcohol. 

The Holtorff-Koch (4) method, in which 
5N aqueous KOH is used and redistilled 
95 per cent ethanol is employed for dis- 
solving the reagents. 


we 


The Friedgood-Whidden method is most 
closely related to the original Zimmerman 





Fic. 1B. Glassware for technical procedures. /, 1A. Erlen- 
meyer flask, 125 cc., and 25200 mm. tube, to be sealed to- 
gether. 2. Completed flask with ring neck to take a No. 5 
rubber stopper. 3. Ten cc. layer of 2N NaOH ready for re- 
moval. 4. Flask with standard taper 24/40 outer joint and 
stopper. 5. Aspirating tube, the forward end attaches to a 
negative pressure system. 


method. The Callow method develops more 
color for a given amount of steroid, but has a 
more highly colored blank. It has the virtue 
that androsterone and dehydroisoandrosterone 
give the same color intensity, which is not true 
for the two other methods (9). 

Calibration curves with crystalline dehy- 
droisoandrosterone were set up to determine 
the precision and accuracy of the 3 basic modi- 
fications of the Zimmermann method. In the fol- 
lowing regression equations, which were fitted 
by the method of least squares, ‘L’ represents 
the density of color developed. It is defined as 
“2 minus the logarithm of the galvanometer 
reading’? when the galvanometer is adjusted 
to 100 with the blank in place. M is the amount 
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of 17-ketosteroid actually in the colorimeter 
tube at the time of the determination. Only 
those values falling between galvanometer 
readings of 20 and 80 were chosen to calculate 
the regression equations, and they are to be 
considered valid only within these ranges. 

The following results were obtained. 

1. Friedgood and Whidden method, 21 de- 
terminations: M=.313 L—.017. Stand- 
ard error of prediction is +.010 mg. 

2. Callow method, 26 determinations: 
M =.145 L—.005. Standard error of pre- 
diction is +.005 mg. 

Holtorffi-Koch method, 33 determina- 
tions: M =.134 L+.003. Standard error 
of prediction is +.006 mg. 


ios) 


It will be seen that a given value of L cor- 
responds to less steroid by the Friedgood- 
Whidden method than by the other two meth- 
ods. The Holtorff-Koch method, by using 
twice the amount of KOH in an aqueous solu- 
tion, develops even more color than the Callow 
method which, in turn, by using an anhydrous 
system develops twice as much color as the 
Friedgood-Whidden, which uses approximately 
the same amount of alkali, but has more water 
in the reaction system. 

Since 0.2 and 0.1-cc. aliquots are used to 
give the value M, for a 10 cc. sample both M 
and its standard error must be multiplied by 
50 or 100 to give the amount of 17-ketosteroid 
actually in the sample and the inherent error 
of measurement. Therefore, a value deter- 
mined by the Friedgood-Whidden method 
would have a standard error of 1 mg., the 
Callow method would give a standard error 
of 0.5 mg., and that of Holtorff and Koch 
would give a maximum standard error of 0.6 
mg. It would seem at first that the first meth- 
od is less precise. However, there is still an- 
other factor to be considered. Usually only a 
fraction of a 24-hour specimen can be analyzed 
if the galvanometer is to stay above 20. The 
value of M and its standard error obtained 
from the assay must be multiplied by the re- 
ciprocal of this fraction to give the 24-hour 
value. A galvanometer reading of 20 (L =.699) 
would give the following values for a 0.2-cc. 
aliquot of a 10-cc. sample analyzed by the 
various methods. Friedgood-Whidden: M_ is 
0.202 mg., 10.1 mg. in sample. Callow: M is 
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0.097 mg., +.9 mg. in sample. Holtorff-Koch: 
M is 0.096 mg., 4.8 mg. in sample. 

It will be seen that a 10-mg. sample could be 
analyzed without dilution by the Friedgood- 
Whidden method, while for the other methods 
the sample would need to be diluted at least 
1:2. Therefore the standard error would have 
to be multiplied by 2, and would give an error 
at least equal to, if not greater than that of 
the Friedgood-Whidden method. 

Comparison of results of assays on the same 
samples performed by the Holtorff-Koch method 
and the Callow method. Ten samples of ketos- 
teroids from normal male urines which had 
been assayed by the Holtorff-Koch method 
were also analyzed by the Callow method. The 
mean of the results of the Holtorff-Koch 
method was slightly, but not significantly, 
higher than that obtained by the Callow 
method. The variances were virtually identical. 
The results of the two analyses were corre- 
lated with a coefficient of .877, which is highly 
significant. They are related by the regression 
equation Y=.94X —.325 in which X is the 
result of an analysis by the Holtorff-Koch 
method and Y is the predicted value to be ob- 
tained by the use of the Callow method. This 
line has a standard error of +2.1 mg. 

The significance of these findings is that re- 
sults obtained by either the Holtorff-Koch or 
the Callow method on a group of individuals 
are directly comparable for biometric purposes 
in regard to their means or variances. How- 
ever, it is impossible to predict accurately from 
a Holtorfi-Koch determination what the cor- 
responding value would be, which may make 
it difficult for laboratories using different 
methods to check on the values for a certain 
individual. 

The choice of an analytical method can not 
be made on the basis of a) precision, since the 
three modifications have comparable standard 
error, or 6) accuracy, since at least two of the 
modifications give comparable results on the 
same group of specimens. The use of the Cal- 
low method is indicated where subsequent 
fractionation of the steroids by digitonin pre- 
cipitation is to be done. However, the necessity 
of making up fresh 2.5N alcoholic KOH once 
a week (and this normality must be held within 
2.48 to 2.52), and the colored blank solution, 
which frequently makes it impossible to use 
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the full scale of the galvanometer in reading 
the samples, renders this method impractical 
for routine clinical determinations. Robbie 
and Gibson (10) have overcome this latter ob- 
jection by using a distilled water blank and an 
involved set of calculations. Where it is im- 
practical to save up enough samples before 
analysis to justify making up the alcoholic 
KOH solution, it is far more convenient to use 
an aqueous KOH solution, the normality of 
which need be checked once a month or so. 
The Friedgood-Whidden method would seem 
to be preferable to the Holtorff-Koch method, 
since by it one can assay a greater percentage 
of 24-hour specimens without diluting the 
sample, and it gives colors of sufficient spec- 
tral purity to permit the use of a color-correc- 
tion equation if desired. 


EXPERIMENTAL RESULTS 


One of the objectives of this investigation 
was to determine the effect of age on 17-ketos- 
teroid excretion. Very low values are ob- 
tained in childhood and senility. Little is 
known about the changes that occur in the 
intermediate periods. The values from the 
prisoners were classified by age in decades, and 
analyzed statistically. The results are given 
in figure 2. 

It will be seen that from the 3rd through the 
5th decades of life, there is no significant 
change in the mean level of 17-ketosteroid 
excretion. The variance of the 3rd decades is 
significantly greater than that of any of the 
following decades. Apparently, by the time 
that the males studied have passed through 
growth and adolescence, the mean excretion 
level has reached a plateau. It is unfortunate 
that we do not know the variances encountered 
in a comparable group of adolescents. The 
charts in the papers of Talbot, ef al. (11, 12), 
would seem to show a larger variance in 
adolescents than in adults. It is not improbable 
that this large variance in the 2nd decade 
represents a stabilization of the individual 
towards a more uniform type. A somewhat 
analogous situation exists with regard to the 
variability of the menstrual period in the fe- 
male. It is said (13) that the standard deviation 
of the menstrual cycle of a normal female in the 
3rd decade is about 3 days; in the 4th decade 
it has decreased to 1 day. 
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Correlation of 17-ketosteroid excretion with non- 
gonadal somatic factors. Some of the highest 
clinical values for 17-ketosteroid excretion 
have been obtained from patients whose chief 
complaint was constitutional obesity. Talbot 
(11) has stated that in cases in which the 
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Fic. 2. The 17-ketosteroid excretion of a group of prison- 
ers during the third, fourth, fifth and sixth decades of life. 
The broken horizontal line represents the mean for each 
decade, with the standard deviations given at the bottom of 
each cclumn. No significant changes in the mean occur, but 
the variance of the third decade is significantly higher than 
that of any of the succeeding decades. 


obesity is not of detectable endocrine origin. 
the 17-ketosteroid values are normal, or in. 
creased slightly. The correlation coefficient 
between weight and 17-ketosteroid excretion 
were calculated for the groups in the 3rd and 
4th decades having committed crimes of vio- 
lence. A correlation coefficient of .438 was 
obtained, significant between 2 and 5%. 
Creatinine and creatinine coefficient. Creati- 
nine is a product of muscle metabolism in the 
body and the amount excreted is believed to 
give some indication of muscle mass. Theoreti- 
cally the creatinine coefficient, K =mg. creati- 
nine/kg. body wt. is a constant characteristic 
of the individual. Greenwood (14) believes 
there is some connection between creatinine 
output and 17-ketosteroid excretion. Correla- 
tion coefficients between 17-ketosteroid excre- 
tion and creatinine excretion, and creatinine 
coefficient were calculated from our results. 
Age Group, 


a Creati- No. 
Violent 


Total 


ae Creatinine, r nine K,r Cases 
Crimes 
3rd Decade .547 5%! .405 10% 13 
4th Decade .568 2-5% .165 14 


Both groups .558 less than 1% 


* Student’s ‘‘t’”’ test is useful for determining the signifi- 
cance of experimental results. Tables for this function may be 
found in R. Fisher’s “Statistical Methods for Research 
Workers” or most of the popular text books on statistical 
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Even though a significant correlation was 
found between 17-ketosteroid excretion and 
weight, and between creatinine excretion and 
weight (r=.511, significant at less than 1%), 
correcting the creatinine excretion for the 
weight of the individual did not improve, and, 
in the 4th decade, actually impaired the cor- 
relation coefficient. This would seem to indicate 
in accordance with the findings of Greenwood, 
that the total creatinine is the most closely re- 
lated to the 17-ketosteroid excretion of the 
above three factors. 

Correlation of 17-ketosteroid excretion with 
psychosomatic factors. It is no part of the pur- 
pose of this paper to venture into the fields of 
anthropology or psychiatry. However, it 
seemed interesting to see if any difference 
could be detected in 17-ketosteroid excretion in 
the prisoners convicted of violent and those 
convicted of non-violent crimes. The conditions 
of choosing the prisoners for this project biased 
it strongly in favor of those with longer terms, 
which resulted in a higher percentage of those 
who had committed crimes of violence. The 
offences for which the subjects were com- 
mitted are as follows: 

Non-violent crimes 
7 Burglary 7 
1 Larceny 5 
1 Perjury 1 
5 1 
) 


Crimes of violence 

Murder, 1st degree 1 
Murder, 2nd degree 
Murder, 3rd degree 
Assault and robbery : 
Armed robbery 1 
Statutory rape and assault 2 


Embezzlement 


The classification was made on the basis of 
the crimes for which the men had been im- 
prisoned. It is not strictly accurate. However, 
any errors would further randomize the 
sampling, resulting in increasing the signifi- 
cance of the results obtained. 


methods. “t’’ is evaluated in terms of significance—a result 
significant at the 5% level implies that a difference numeri 
cally greater than “t’’ could occur by random sampling 5 
times out of a 100. A result significant at the 1% level is 
more significant than one at the 5% level. 

The ‘‘t’”’ test may be used to determine the significance 
of the difference between the mean of two independent 
groups, the standard deviations of which are known. The 
formula used for this calculation is: 


a o 


nitn, \'2/S?  S.?\"? 
nitny.—2 No n; 


where X represents the mean, “‘s” the standard deviation, 
and “n”’ the number in the groups indicated by the subscript. 


{= 
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To test the hypothesis that some endocrine 
imbalance may have been responsible for the 
physical or mental states which caused these 
subjects, at one time to use means of force or 
stealth to satisfy their desires, the prisoners in 
ach age decade were classified, and tests of 
variance applied to the results of the 17- 
ketosteroid analyses. The following results 
were obtained. 


Group Group 
ane e Committing Committing 
Violent Non-violent 
Crimes Crimes 
n=13 n=4 
Third Mean 13.04 re 
SBD. + 4.9 +6.8 
“t” for difference is 3.37, significant at 1 per cent level. 
n=14 n=4 
Fourth Mean 12.49 9.57 
3.02. t 3.9 +3.7 


“t” for difference is 2.18, significant at 5 per cent level! 

It will be seen that the group committing 
violent crimes has a significantly higher mean 
excretion than does the group committing non- 
violent crimes. 

As a further test of this hypothesis, variance 
analysis was applied for determining the dif- 
ferences within and among classes. The results 
of these calculations are given in table 1. For 
the 3rd and 4th age decades this reinforces the 
findings from the “‘t” test. There is a very 
small interaction between the decades, while 
the difference between the groups committing 
violent and the non-violent crimes is significant 
beyond the 1 per cent level. This tendency is 
still apparent in the 5th and 6th decades. The 
results of the second part of this table could 
not stand by themselves, but they are interest- 
ing as reinforcing the data in the 3rd and 4th 
decades, indicating a difference which is still 
existent, although diminished almost to the 
point of non-existence. 

While it is impossible at this time to tell 
what differences existed in the groups at the 
time of the events leading to incarceration, at 
the time our measurements were made, the 
17-ketosteroids were unique as the only factors 
on which measurements were made that were 
different between the groups. No significant 
differences were found (by the ‘‘t’’ test) in 
weight, creatinine, creatinine coefficient, or 
intelligence quotient. 
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Nathanson (15) and Talbot (11, 12) have 
given a graphic picture of the rise of 17-ketos- 
teroid excretion from the very low values of 
childhood to the values prevailing during late 


TABLE 1. ANALYSIS OF VARIANCE® WITHIN AND AMONG AGI 


DECADES OF SUBJECTS STUDIED FOR 17-KETOSTEROID 
EXCRETION 
‘ ee Sum of Mean 
Source of variation di Squares Squares 
Third and fourth decades - 
Between decades PLT) 2257 
Between groups 1 115.4794 = 115.4794 
Between individuals 30 = 418.1104 13.940 
Interaction (groups X decades) 1 11.2830 11.2830 
Fifth and sixth decades 
Between decades 1 5.9601 5.9601 
Between groups 1 6.6009 6.6009 
Between individuals 8 62.75 7.8437 
0.00 0.00 


Interaction (groups X decades) 1 


adolescence. Our studies would seem to carry 
our knowledge of the effect of age on 17-ketos- 
teroid excretion through maturity, for the 
adult male. They indicate a tendency for the 
adult male, during his prime, to approach a 
biological mean, as the stabilizing effects of the 
years are exerted. This is shown by the decrease 
in variance of the population studied about a 
common mean, and the tendency for the dif- 
ference between the groups committing violent 
and non-violent crimes to diminish with age. 


FURTHER STUDIES 


We felt the need of testing on a normal popu- 
lation several hypotheses concerning 17-ketos- 


> Analysis of variance. This is a method for testing the 
significance of 2 or more means, when a large sample can be 
divided into rational sub-groups, to test the significance of 
the differences between the several groups. The total sum of 
the squares of the deviations of the values in the groups from 
the mean can be broken up into two sums of squares—in 
this case the sum of squares of the deviation of the decade 
means from the mean of all values, and the sum of the squares 
of the deviation of the two classes in the decades from their 
corresponding decade means. The variance within decades, 
which is taken as an estimate of the variance of the popula- 
tion is obtained by subtracting from the total sum of squares 
the variations due to the different means, and is used to give 
an estimate of experimental error. 

The significance of the differences between the mean 
squares is tested by the function F (given by Snedecor in his 
“Calculation and Interpretation of Analysis of Variance and 
Covariance’’), which is defined as F=Larger mean square 
Smaller mean square. Methods of setting up and performing 
these calculations may be obtained from any of the standard 
works on variance analysis. The function F may also be used 
in testing the significance of standard deviations using the 
ratio of the square of the larger standard deviation to the 
square of the smaller standard deviation, entering the table 
at (n—1) degrees of freedom for the greater and lesser mean 
squares. 
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teroid excretion. One was our use of a prison 
population to determine normal male values. 
In addition to our extensive studies on a popu- 
lation, we needed intensive studies on an in- 
dividual, to obtain an estimate of the error of 
measurement arising from the daily fluctua- 
tions of excretion in an individual. The work 
of Forbes (16) had seemed to indicate a simul- 
taneous variation in 17-ketosteroid excretion 
with the volume of urine when patients were 
exposed to induced fever. Hollander, et al. (17), 
have recently shown that values for urinary 
androgens correlate significantly with urinary 
volume. Reifenstein (18) had introduced the 
concept of ‘basal’ 17-ketosteroid values. The 
basal 17-ketosteroid value, as he defined it, is 
the 17-ketosteroid excretion for the accurately 
timed period of sleeping, calculated on a 24- 
hour basis. He reported values on males and 
females for periods of collection while asleep 
and awake. His results for periods of sleeping 
are lower than those for periods of waking, but 
as his groups were not strictly comparable it 
was impossible for us to apply tests of signifi- 
cance to his results. It seemed that this method 
would enhance the ease of collection for the 
patient, and might make it possible to secure 
specimens from individuals or populations that 
would find it difficult to collect a full 24-hour 
specimen. 

To test these various hypotheses, it was 
decided to compare the basal 17-ketosteroid 
value with the total 24-hour 17-ketosteroid 
values for a group of 10 medical students in the 
3rd decade of life, with 1 basal and 1 total 17- 
ketosteroid determination each, and also to 
test the hypotheses in an individual by making 
10 basal and 10 total 17-ketosteroid determina- 
tions on one individual. During the course of 
the determinations on this individual extensive 
diuresis for two days was induced with 20 to 30 
gm. of urea per day as a diuretic. These investi- 
gations were frankly exploratory, but, with the 
help of modern small sample technic, we hoped 
that any relationships which were significant 
would become apparent. 

The urine samples were collected in two por- 
tions. The morning urine was kept separate, 
with an accurate estimate made of the time 
spent asleep. This specimen was analyzed, and 
the results calculated on a 24-hour basis. The 
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rest of the specimen, for 24 hours, was collected 
and analyzed and the value added to the abso- 
lute amount found in the basal determination 
for the total 24-hour excretion 


Comparison of the 17 ketosteroid excretion of the 
medical students with that of the prisoners 


HAROLD WOOSTER 
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from a population that had not been previously 
classified by either the courts or the Dean’s 
office would give intermediate values for the 
variance. 

Results of volume studies. The most signifi- 
cant of these results are shown in figure 3. At 
no time, either with the prison studies, the 10 
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Fic. 3. Effect of increased urinary volume on 17-ketosteroid excretion. 
Fic. 4. Relation of total 17-ketosteroid excretion to basal 17-ketosteroid excretion for a group of men and for an individual 





Prisoners having committed violent crimes 
were chosen as offering homogeneous groups 
for comparison. The medical students compare 
with the 3rd decade of the prisoners as follows: 
“t” for difference in means, 1.02, not signifi- 
cant; F for comparison of variance, 4.16, sig- 
nificant between 2 to 5 per cent level. Compari- 
son with the 4th decade: “‘t” 1.695, which may 
be significant at the 10 per cent level; F 1.58, 
which is not significant. These medical students 
have the same mean levels of excretion as the 
prisoners of their age, but have a variance 
which is characteristic of the prisoners a decade 
older. It is probable that in this decade we have 
two populations which cannot be considered 
as random samples from a normal population. 
The prisoners may represent cases of delayed 
adolescence; the medical students may likewise 
represent early maturity, while a sample drawn 


teroid output, within normal limits, is not 
variation in fluid output. When, after inducing 
extensive diuresis in the individual, the 24-hour 
volume was increased to 3600 cc. the highest 
17-ketosteroid excretion was obtained, almost 
two standard deviations above the mean for 
that individual. Increasing the output to more 
than 4 liters the next day had no such effect, 
since the 17-ketosteroid excretion fell below 
normal. On the succeeding two days, with a 
normal volume of urine, the 17-ketosteroid 
excretion had returned to normal. The effect 
is not as marked as that shown by Forbes’ 
work, probably indicating that another vari- 
able figured in her results. Our results are not 
as significant as those that Hollander, ef al. 
(17), obtained with androgens, but it is entirely 
possible that the kidney handles active and 
inactive substances in different fashions. Our 
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results would seem to indicate some such phe- 
nomenon as the washing out of a small amount 
of stored ketosteroids. 

RESULTS OF INTENSIVE STUDY OF AN INDIVIDUAL 

The individual studied in detail was a 
healthy adult male, 24 years old, height 185 
cm. (6 ft., 2 in.), weight 95 kg. (209 lb.) with 
marked hirsutism and slight obesity. 

Total 17-ketosteroid excretion. The individual 
studied in detail had a mean 17-ketosteroid 
output which was significantly higher than that 
of the group. The variance of the individual 
was substantially that of the group. Of the 10 
determinations made on the one individual, one 
value was the same as the mean of the reference 
group; all of the remaining values were sig- 
nificantly higher. Any two samples drawn at 
random from the 10 obtained from the in- 
dividual would show at least one value 
significantly higher than the group; three 
samples would make the difference certain. 
The difference between the mean values gives 
a “t” of 5.56, which is significant at less than 
the 1% level. For screening patients for a pos- 
sible abnormal 17-ketosteroid excretion one or 
two determinations would seem to be ade- 
quate. 

Basal 17-ketosteroid excretion (24-hour excre- 
tion). The difference between the means is 
still significant beyond the 1 per cent level, 
although “‘t”’ has dropped to 3.21. Again, there 
is no significant difference between the vari- 
ances. Either the total or basal 17-ketosteroid 
values would indicate that the individual 
studied had an output significantly higher than 
that for the group. Needless to say, these com- 
parisons must be made against the total or 
basal control levels. 

The basal 17-ketosteroid output was more 
variable, although not significantly so, for both 
the group and the individual, so that its use has 
increased the variability of the sample. Use of 
this value also reduces the difference between 
the individual and the group, which would 
render it less applicable to the diagnosis of 
borderline cases. The chief virtue of the idea of 
using basal or 24-hour 17-ketosteroid excretion 
values entirely would seem to be in increasing 
convenience of collection of the sample for the 
patient; it in no way lessens the work of the 
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analyst, and gives information of less value for 
the same amount of effort. 

Another conceivable use of the basal value 
would be in cases in which some patients can 
collect only night specimens. This is encoun- 
tered in practice, even when the concept of 
basal ketosteroids is not employed, when 
analyses are to be made on 12-hour night 
specimens. Since it is a difficult enough matter 
to set up one standard, a total 24-hour excre- 
tion standard, it is necessary when these frac- 
tional values are used, to express them on a 
24-hour basis. It is interesting to see what can 
be set up in the way of a prediction equation 
to determine whether the basal 17-ketosteroid 
value can be used to predict the total 17- 
ketosteroid value. 

These values, the total and basal 17-ketos- 
teroid values, are not too well correlated. For 
the group there is a correlation coefficient of 
532, which is significant at the 10 per cent 
level; for the individual it is .692, which is 
significant between the 2 and 5 per cent levels. 
The regression equation for the group is 
Y =9.95+.372X; for the individual Y = 11.69 
+.545X. The standard error of prediction for 
the first is 2.1 mg., for the second 2.0 mg.; both 
for the group or the individual, the total 17- 
ketosteroid value will fall 95 of 100 times 
within 8 mg. of the predicted value from the 
basal ketosteroid excretion. Since by chance 
alone in a group of normal subjects the mean 
value would fall within these same limits the 
same number of times, the use of the equation 
does not improve our ability to predict the 
value. 

Comparable results could be obtained with- 
out performing the basal 17-ketosteroid analy- 
sis, simply by using the knowledge of the mean 
and variance of the group. Performing the basal 
17-ketosteroid analysis has given no informa- 
tion of value in predicting the total 17-ketos- 
teroid output. Since approximately two-thirds 
of a 12-hour night specimen would be com- 
posed of basal excretion, the use of these speci- 
mens would also seem to be unwarranted to 
predict total 24-hour 17-ketosteroid excretion. 

The recent paper of Pincus (19) also bears 
out this point. Our values, when calculated 
on the same basis as his, are almost identical. 
Our value for the mean rate of night excretion 
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for 10 males is .486 with a standard deviation 
of +.146 mg. per hour; his is .479, with a 
standard error of +.031. The mean rates of day 
TABLE 2. A COMPARISON OF RESULTS OF EXTENSIVE AND IN- 
TENSIVE STUDIES OF 17-KETOSTEROID EXCRETION IN MALES 








10 Determina- 10 Determina- 





tions on 10 tions on 1 
Individuals Individual 
Total 17-ketosteroid excretion 
Mean+S.D. 14.06+2.4 20.98+2.9 
Coefficient of variation +17.1% +13.8% 


1.40, not signif. 
5.56, less than 1% 


Comparison of variances (F) 
Comparison of means (“‘t’’) 





Basal 17-ketosteroid excretion 
11.72+3.5 17. L546 
+30% +26.1% 
1.05, not signif. 
3.21, less than 1% 


Mean+S.D. 
Coefficient of variation 
Comparison of variances (F) 
Comparison of means (‘‘t’’) 
Comparison between total and basal 17-ketosteroid values 
(within columns) 
Comparison of variances(F) 2.213, not 
signif. 
Comparison of means (“t’’?) 1.78 (10-20% 
Correlation coefficient (r) .532—10% 


1.6 not signif. 


2.53 (1-5%) 
.692 (2-5%) 


Regression equation Y=9.95 Y=11.69 
+.372X +.545X 

>(Y—Y’)? 46.2 39 

Standard error of prediction = re a | +2.0 





excretion are even closer; .639 mg. per hour 
with a standard deviation of +.122 in our 
determination; .641 with a standard error of 
.04 for his results. 


SUMMARY 


A simplified method of processing urine 
samples for 17-ketosteroid analysis has been 
presented. Analyses for 17-ketosteroids are 
reported on 56 normal adult male prisoners, 
from 20 to 60 years old. No significant changes 
have been found in the mean levels of excretion 
with age, but the younger men have a signifi- 
cantly higher variance. 

Several non-gonadal factors correlate sig- 
ficantly with 17-ketosteroid excretion. The 
most significant of these correlations is that 
with total creatinine excretion. 

Those prisoners convicted of violent crimes 
have a significantly higher 17-ketosteroid ex- 
cretion than those convicted of non-violent 
crimes. This difference decreases with age. 

A group of 10 medical students had a mean 
excretion which was not significantly different 
from that of a comparable group of prisoners, 
but did have a significantly lower variance. 

Ten basal 24-hour excretion and total 17- 
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ketosteroid determinations were made on 1)) 
medical students, and 10 on one medical st: - 
dent. The basal 17-ketosteroid excretion is i:- 
regularly lower and more variable, although n: t 
significantly so, than the total 17-ketostero | 
excretion, and, for the group, is not signi)- 
cantly correlated with it. These differences aie 
significant for the individual. The analysis «{ 
either basal specimens, or 12-hour night urine:, 
to estimate total 24-hour 17-ketosteroid excr: - 
tion is inaccurate and unreliable. 

Increasing urine volume caused a transiei't 
increase of 17-ketosteroid excretion. 
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sterone Acetate Pellets 
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acetate as a means of administering hor- 

mone to patients with Addison’s disease 
wes first described by Thorn and coworkers in 
1939 (1). Since that time numerous reports 
confirming the efficacy of this mode of treat- 
ment have appeared (2-7). Very few of these, 
however, include data on the actual rate of 
absorption of the hormone or on variations in 
the rate of absorption which might be expected 
in different patients or in the same patient 
with successive implants. 

The following report summarizes such data 
on 11 patients. In 9, Addison’s disease seemed 
a certain diagnosis and was established in 
every case by physical examination and con- 
firmatory roentgen-ray and laboratory studies. 
The data on 3 patients have not been included 
in the charts because in one there was some 
fragmentation of the pellets and in 2 others the 
diagnosis was questionable. 


7 [ ‘a USE of pellets of desoxycorticosterone 


METHODS 

Two types of pellets were used. The earlier 
ones were discus-shaped pellets of 150 mg. in 
weight, 2 mm. height, and 4.5 mm. radius. 
Later cylinders of 75 mg. weight, 8.0 mm. 
height, and 1.5 mm. radius were employed.’ 

The daily maintenance dose of desoxycorti- 
costerone acetate in sesame oil was determined 
in each case. The patient was carefully and 
continuously observed during treatment for 
several weeks. In the earlier cases the patient 
was hospitalized. In the later cases, when more 





' We are indebted to Dr. Erwin Schwenk of the Schering 
Corp., Bloomfield, N. J. for the pellets used in this study. 
Received for publication July 6, 1943. 


experience with the use of the drug had been 
obtained, hospitalization was not always 
deemed necessary. An initial dosage was chosen 
which was estimated to be somewhat above 
that necessary for maintenance. If signs of mild 
overdosage were observed, the dose was re- 
duced to a level at which the hematocrit, 
plasma sodium, potassium and chloride, blood 
pressure, body weight and general physical 
condition were maintained at a constant nor- 
mal level. The amount of desoxycorticosterone 
acetate which would maintain a normal water 
and salt balance, constant weight, and produce 
no edema was considered adequate. During the 
standardization period 6 to 12 gm. of NaCl 
per day was given as 1 gm. enteric coated 
tablets. The administration of NaCl was con- 
tinued after the pellet implantation. Any signs 
of hormone overdosage were then corrected by 
withdrawal of salt. In this way the possibility 
of having to remove a pellet was minimized. 

The pellets were implanted in the sub- 
cutaneous tissue of the lateral chest wall 2 or 
3 in. below the axilla. Local anesthesia was 
employed. An incision approximately 0.5 in. in 
length was deepened to the muscle by blunt 
dissection and was packed with gauze until 
bleeding had stopped. The cavity was held 
open by means of a nasal speculum, and 1 to 
3 pellets were dropped into it. The subcutane- 
ous tissues were brought together with a single 
catgut suture to prevent the pellets from coming 
into contact with the skin, and the wound was 
closed with 1 or 2 skin clips. This method was 
preferred to the use of the trochar and cannula 
which may leave the operator in doubt as to 
whether the pellet has been fractured. Such an 
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accident would increase the exposed surface 
and thus increase the rate of absorption beyond 
that calculated. 

The pellets were dissected out with the sur- 
rounding tissue in order to prevent fragmenta- 
tion. They were carefully separated from any 
tissue, placed in a desiccator, dried for at least 
48 hours, and weighed. Completeness of drying 
was checked by reweighing the pellets after 
another 24 hours in the desiccator. 


RESULTS 


Table 1 gives the data most salient in estab- 
lishing the diagnosis of Addison’s disease in 
each case. The wisdom of giving NaCl during 


E. PERRY McCULLAGH, LENA A. LEWIS AND FRANKLIN L. SHIVELY, JR. 


Volume 3 


the standardization period is indicated by the 
results shown in table 2. 

In some cases the amount of desoxycorticos- 
terone acetate administered was so accurate y 
adjusted that no additional treatment wis 
necessary. In the majority of cases, howeve,, 
NaCl in enteric-coated tablets was necessary 
in doses of 1 to 8 gm. per day. Table 2 shows a 
comparison of the amounts of desoxycorticos- 
terone acetate required for maintenance when 
given by injection or in pellets. In a few in- 
stances adrenal extract was also used to pro- 
duce optimum symptomatic control. 

Table 2 summarizes the results in the 8 pa- 
tients studied. In some cases the amount 0 


TABLE 1. SYMPTOMATOLOGY AND LABORATORY TESTS LEADING TO DIAGNOSIS 


OF ADDISON’S DISEASE 











c Weight _ - Calcifi- Low Weakness, Wild Kepl ppg 
No Pigmentation eis ypica" cation of Blood Increased oo — oy 
No. Loss _Addisonian hieuenin Deu er Test Test and Cl 
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2 5g Fg ate strate a aE 

3 ot = Gt + 

4 1% a os = TT fe + 

5 ae = tr oi ar 55 ote 

6 =F = ly =i = 5 a5 te ate 
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1 Seen by Dr. J. S. Oehrle, Monongahela, Pa. 


TABLE 2. COMPARATIVE AMOUNTS OF DESOXYCORTICOSTERONE ACETATE REQUIRED FOR MAINTENANCE 
WHEN ADMINISTERED BY INJECTION OR IN PELLET FORM 

















. NaCl Required 
Desoxycorti- Desoxycorti- —_— aaevet Daily Siccien Total Desoxy- | 
Case costerone costerone ee Period of nee Results of 
No. Acetate in Acetate from a of Pellet Ad- —— oon : 
Oil Daily Pellets Daily = jor yane ministration ~P.2nted as as 
njections 75-mg. Pellets 
of Hormone 
mg. mg. gm. gm. mg. 

1 2.5 (a) 1.5 10 0 450 Complete control of symptoms 
2 5 1.79 12 8 600 (b) Mild edema 

1.46 8 (c) 450 (b) Excellent 

= 8 300 ee present if salt omit 

ea 8 300 te 
3 1.4 (d) 0.80 0 (e) 0 (e) 300 Very good 
4 5 0.72 0 ae 300 Good except for hypoglycemic 
spells 
5 Be ar Cg 1.00 10 5 300 Well maintained till end of 
period-wgt. loss 
6 1.5 0.70 6 1 to 3 150 Partial control improved fur 
e ther with thyroid 
7 2 cc. adrenal 0.48 5 to 10 6 150 Edema followed increase in 
extract/day 0.56 6 225 salt intake 

8 ye 0.75 0 0 to 8 300 Fairly good 





a. 5 mg. on alternate days; b. 150 mg. pellets used; c. “8 gm. or less;” d. 5 mg. twice a week; e. “Salts food liberally;” 
f. 5 mg. q. 3rd day. 
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sodium chloride administered had to be in- 
creased several months after the pellets had 
been implanted. This was thought to be due to 
a decrease in the rate of desoxycorticosterone 
absorption. Decrease in the absorption rate 
was probably due to reduction in surface area 
of the pellets and the increasing thickness of 
the fibrous tissue capsule around the pellet. 

That the blood volume and fluid distribution 
are satisfactorily controlled during treatment 
with desoxycorticosterone acetate in pellet 
form is shown by the maintenance of a normal 
hematocrit level (table 3). 

lable 4 shows the rate of release per sq. mm. 
of surface area per pellet. In calculating these 
values it was assumed that the surface area of 
the pellets remains constant throughout the 
period they are in situ. If the surface of the 


TABLE 3. HEMATOCRIT VALUES OBSERVED WITH 
PATIENT ON DIFFERENT TREATMENTS 





Volume of Packed Red Blood Cells 
per 100 cc. Blood 














Co ba | | Adrenal ex- | ; 
No, | rteat- | tractor | Desoxycorti- 
: ment | 3 days Na | desoxycorti-| costerone 
| deprivation | costerone | acetate 
| acetate | implants 
injection 
2 56 | | 43 47 
3 51 | 37 | 40 
+ 45 | 36 37 
5 42 43 
6 44 | 38 39 
7 38 | | 34 #| 34 
8 


a | 36 30 32 





pellet remains smooth during the period of 
absorption when the weight is 50 per cent of the 
initial weight, the surface area should be 67 
per cent of the initial area. In reality consider- 
able roughening and grooving of the surface oc- 
curs which appreciably increases the area and 
helps to maintain a relatively constant surface 
area. 

The fibrous capsules surrounding the pellets 
varied considerably in thickness. About each 
pellet there were two capsules, an outer thick 
capsule and inner thin capsule. The outer 
capsule in the cases described was a well organ- 
ized layer of young fibrous tissue about 1 mm. 
thick which merged with the surrounding tis- 
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sue. Microscopically, it contained many foreign 
body giant cells, and in some cases eosino- 
philes were common. Between the outer and 
inner capsule was a thin layer of fluid. The 


TABLE 4. RATE OF RELEASE OF DESOXYCORTICOSTERONE ACE- 
TATE PER SQ. MM. OF SURFACE AREA PER PELLET 
OF CYLINDROID FORM 


Desoxycorticos- : 
oe se Desoxycorticos- 


No. Days terone Acetate 
Case Pellet Released/Sq. hea Pye A 
‘ in Situ Mm. Surface 3 iD a — 
Area/Day betes 
mg. mg. 
7 129 0.0027 0.24 
5 155 0.0028 0.25 
6 168 0.0039 0.35 
4 189 0.0020 0.18 
2! 208 0.0026 0.49 
2! 210 0.0024 0.45 
1 260 0.0028 0.25 
2 304 0.0016 0.15 
5 306 0.0017 0.15 
3 308 0.0022 0.20 
2 373 0.0015 0.14 
8 373 0.0021 0.19 
7 0.19 


392 0.0021 
~ 1 Pellet (discus shaped). ie 








inner capsule fitted tightly about the pellet 
and had the appearance of a smooth epithelial- 
like tissue about one cell layer thick, simulating 
peritoneum. 

When the same types of pellets were used in 
successive implants in a patient and were in 
situ for comparable lengths of time, the absorp- 
tion rate of the desoxycorticosterone acetate 
varied very little. Two implants of the ‘pellet 
shaped’ type im situ 208 and 210 days in case 2 
released 0.0026 and 0.0024 mg. per sq. mm. 
surface area per day, respectively, while suc- 
cessive implants of the cylindroid type in situ 
304 and 373 days in the same patient released 
0.0016 and 0.0015 mg., respectively. In case 
7 when the cylindroids were in situ 129 days 
an average of 0.0027 mg. per sq. mm. surface 
area per day was released; when im situ 392 
days an average of 0.0021 mg. was released. 
In case 5 cylindroids implanted for 155 days 
released an average of 0.0028 mg. per sq. mm. 
surface area per day, while implants in situ 
306 days released 0.0017 mg. 

The rate of release varied rather widely in 
different patients, even when comparisons were 
made of pellets weighed after similar lengths of 
time. For those removed after 155 to 189 days, 
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the variation in rate of absorption per sq. mm. 
of surface area per day was from 0.0020 to 
0.0039 mg. After 304 to 308 days the variation 
was from 0.0016 to 0.0022 mg. 

In one case, which is not included in the data 
in the tables, the pellets were broken in the 
process of implantation. On removal after 62 
days, 0.47 mg. per cylindroid per day or 0.0052 
mg. per sq. mm. surface area had been ab- 
sorbed. This was a much higher rate of absorp- 
tion than that observed in other cases and was 
probably due to the increased surface area. 

Two patients in whom the diagnosis of 
Addison’s disease was questionable had pellet 
implants of the discus-shaped type. When the 
pellets were removed 200 and 267 days after 
implantation, the absorption rates were found 
to be 0.0031 to 0.0027 mg. per sq. mm. surface 
area, respectively. 

DISCUSSION 

Firor (3) reported the release of approxi- 
mately 0.3 mg. of desoxycorticosterone acetate 
per pellet per day. The pellets weighed from 
100 to 125 mg. Soffer, et al., (5) observed a re- 
lease of from 0.20 to 0.36 mg. per pellet per 
day. Pellets weighing 125 mg., supplied by 
Thorn, were implanted. McGavack (7) re- 
ported the rate of absorption of pellets of 
desoxycorticosterone acetate in 2 patients. 
They ‘found reasonably wide variations in 
absorption from 0.36 to 0.48 mg. per 100 sq. 
mm. of surface.” Pellets weighing 150 mg. 
made by the Schering Corporation were used. 
The length of time the pellets were in situ was 
not stated. 

Such variations emphasize the importance 
of computing the expected release of desoxy- 
corticosterone acetate from data obtained when 
similar pellets are used. A knowledge of the 
surface area is essential in calculating the 
probable absorption rate. 

When such variations are anticipated, ad- 
justments can be made by varying the NaCl 
intake. These results also show why additional 
sodium chloride is frequently needed toward the 
end of the ‘life’ of the pellet. Stated in terms of 
mg. of desoxycorticosterone absorbed from 
each 75 mg. cylinder (Schering) per day the 
variation is from 0.14 to 0.35 mg. or approxi- 
mately 1.0 mg. per day for each 300 mg. thus 
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implanted. It is our impression that 1.0 mg. 
thus absorbed from implants has a therapeutic 
value of nearly twice that quantity injected in 
oil daily or on alternate days. Most patients 
with Addison’s disease appear to obtain an 
optimum benefit from 0.75 to 2.0 mg. per day 
from pellet absorption. Recently we have bee 1 
more inclined to depend upon smaller dosis 
than we did formerly. 


SUMMARY 


The rate of absorption of desoxycorticos- 
terone acetate when administered as 75 mg. 
cylindroid pellets (Schering) implanted sub- 
cutaneously in patients with Addison’s disease 
varies from 0.14 to 0.35 mg. per pellet per day. 

The size and shape of the pellet considerably 
modifies the absorption rate. During the use 
of injections and pellet implants additional 
therapy with NaCl lowers the necessary dose 
of desoxycorticosterone acetate and its with- 
drawal provides an easy means of overcoming 
any effects of hormone overdosage. 

Larger doses of NaCl are frequently needed 
toward the end of the ‘life’ of the pellets. Some 
patients require adrenal extract continuously 
to produce optimum benefit. 
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Addison’s Disease Associated with 
Pubic and Axillary Alopecia and 


Normal Menses 
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F.om the Division of Medicine, Mayo 
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cutaneous hair, excluding that of the 
scalp and eyebrows, is a manifestation of 
anterior pituitary and gonadal function or of 
gonadal function only. Clinical evidence, es- 
pecially that derived from the hirsutism which 
accompanies tumors of the suprarenal cortex 
makes one reluctant to accept this assumption. 
The case history which follows makes one even 
more skeptical. The patient had a normal 
feminine habitus, normally developed breasts 
and, after her menses had become well estab- 
lished, practically normal menstrual periods. 
It is highly probable, therefore, that ovarian 
and anterior pituitary functions were essen- 
tially normal.’ Nevertheless, there was almost 
complete absence of cutaneous hair except for 
that of the scalp and eyebrows. In view of the 
fact that the patient had Addison’s disease, it 
seems very likely that in her case, at least, 
failure of growth of the ‘sexually conditioned’ 
hair was almost certainly the result of insuf- 
ficiency of function of the suprarenal cortex. 
Since this patient came under our observa- 
tion we have paid particular attention to the 
cutaneous hair in other cases of Addison’s 
disease. The abnormalities which will be de- 
scribed occur with sufficient regularity to make 
us reluctant to diagnose Addison’s disease in 


[' Is commonly assumed that growth of 
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' Although the histologic appearance of the anterior 
pituitary body has been found to be abnormal in cases of 
\ddison’s disease, clinically, one is not impressed by evidence 
* abnormal function of the anterior lobe of the pituitary 
ody. 
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their absence unless other evidence is un- 
equivocal. We have noted that the axillary 
hair is sparse; in the case of women, none may 
be present. The pubic hair, especially that of 
women, tends to be scanty; in the case of men, 
it may have a feminine type of distribution. 
In either sex the extremities may appear to be 
hairless, although here again the alopecia is 
more pronounced among women. As a rule, 
among the men the chest and abdomen are 
relatively hairless and in some cases these 
areas are entirely bald. In other cases the hair 
is limited to a few sparse hairs around the 
nipples. Precise information regarding growth 
of the beard is difficult to obtain. Sometimes it 
appears to be normal; occasionally, it may be 
fine in texture and sparse. When questioned, 
patients of either sex not infrequently make 
such remarks as “I never was very hairy” or 
“T never did have much hair on my arms and 
legs.’’ The hair of the scalp and eyebrows usu- 
ally seems to be normal, although occasionally 
one sees a man who is partially bald. However, 
it is unusual to see a bald-headed but other- 
wise hairy man who has Addison’s disease. We 
can recall only a few instances of this sort and 
in these cases, the disease was either acquired 
relatively late in life or the disturbance in 
adrenal function was of short duration. 

Observations comparable to ours have been 
made by Cleghorn and by Maranon. They con- 
stitute one of the very few clinical aspects of 
the disease that escaped the attention of Addi- 
son himself. 
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REPORT OF CASE 

A white woman, aged 21 years, was referred to the 
Mayo Clinic in August, 1939. 

Menstruation had begun when she was 12 years of 
age. The menstrual periods usually recurred regularly 
once each month but on a few occasions they had oc- 
curred twice monthly. The amount of menstrual flow 
was always normal. 

In 1930, nine years before she was referred to the 
clinic, she had undergone an appendectomy following 
which she had complained of weakness. In 1931, at 
the age of 13 years, her skin had begun to turn dark. 
A diagnosis of Addison’s disease had been made in 
1932. In June, 1938, she had had a gastrointestinal 
attack that had caused nausea, vomiting and uncon- 
sciousness. In the course of the attack, she had been 
unconscious for 1 day and semiconscious for 3 days. 
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veloped and the external genitalia appeared to be nor- 
mal. On palpation, the uterus and ovaries seemed to 
be normal in size. The remainder of the physical ¢x- 
amination did not disclose anything of significance 
except a nodular enlargement of the thyroid glan: 
There were no signs of hyperthyroidism. 

The urine was normal, as were the erythrocyte a 
leukocyte counts and the concentration of hemoglob 
Roentgenographic examination of the head, thorax 
and suprarenal regions did not disclose any abnorm: 
ity. A serologic test for syphilis was negative. The 
basal metabolic rate was +2 per cent. Quantitative 
chemical analysis of the blood revealed the following 
values: for urea, 24 mg. per 100 cc.; for sugar, 70 mg. 
per 100 cc.; for chlorides, 96 milliequivalents per liter; 
for potassium, 6 milliequivalents? per liter. 

A diagnosis of Addison’s disease and adenomatous 


— 





Fic. 1a. Complete absence of axillary hair; 6, pigmentation at site of linea alba and ap- 
pendectomy scar; scant pubic hair; c, well-developed breasts; pigmentation of areolae, thighs, 
knees and legs. 


Extract of the suprarenal cortex, sodium chloride and 
a diet low in potassium had been prescribed subse- 
quently. The patient’s mother said: “This treatment 
seemed to reduce the pigmentation some, increased 
noticeably the growth of body hair and her blood pres- 
sure rose from 70 to 92.” The family physician had also 
made a diagnosis of goiter and referred the patient to 
the clinic. 

The patient was 5 feet and 6 inches (137.2 cm.) in 
height and weighed 124 pounds (57.6 kg.). The blood 
pressure was 80 mm. Hg systolic and 60 diastolic. 
She was well developed and well nourished. Her ap- 
pearance was typical of that of a patient who has 
Addison’s disease (fig. 1, a, b and c). The entire skin 
was pigmented and, in addition, there were focal re- 
gions of deeper pigmentation of the gums, lips, tongue, 
creases of the palms, linea alba, feet and appendec- 
tomy scar. Her hair and eyebrows were normal but 
she had very little pubic hair and practically no 
cutaneous or axillary hair. The breasts were fully de- 


goiter without hyperthyroidism was made. Treatment 
consisted of a low potassium diet and the daily ad- 
ministration of 10 gm. of sodium chloride, 5 gm. of 
sodium citrate and 5 mg. of desoxycorticosterone ace- 
tate. Within a few days the patient’s appearance 
improved and she felt better than she had before the 
treatment was started. The blood pressure was 102 
mm. Hg systolic and 70 diastolic. She was unable to 
remain at the clinic for further treatment. Shortly 
after her dissmisal, we became aware of the dangers of 
overtreatment with desoxycorticosterone acetate whe! 
used in conjunction with a high intake of sodium 
therefore, we advised the patient by letter to discon- 
tinue taking desoxycorticosterone acetate and resum: 
the use of extract of the suprarenal cortex. 


2 The fact that these values were within approximatel 
normal limits does not refute the diagnosis made in this cas 
but merely indicates that the patient was in good conditio1 
when the blood was examined. 
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Since then, the patient’s condition has varied. When 
last heard from in February, 1943, she was in fair 
health. According to her family physician she con- 
tinues to menstruate regularly. At times, she has had 
episodes of menorrhagia.* There has not been any ma- 
terial change in the pubic or axillary hair. 

Recently, 18 liters of urine were collected with acid 
preservative and sent to one of us (H.L.M.) for ex- 
amination for 17-ketosteroids. The entire amount of 
urine was hydrolyzed and extracted. Colorimetric as- 
say’ of the ketonic fraction of the extract indicated the 
presence of 7.5 mg. of 17-ketosteroids, or 0.4 mg. per 
lit.r. The quality of the color, as determined by meas- 
urements of absorption at 520 and 420 my, was very 
diferent from that given by ketonic fractions usually 
isolated from extracts of urine; therefore, it may be 
considered questionable whether the value of 0.4 mg. 
per liter actually represents any 17-ketosteroid. Cer- 
tainly, if any 17-ketosteroid were present, the amount 
must have been considerably less than this value. 


COMMENT 


[he reduction in the urinary content of 
‘androgenic’ material (17-ketosteroids) in cases 
of Addison’s disease has been well established. 
Conversely, in cases of adrenal cortical tumors 
associated with hirsutism and other endocrine 
symptoms, the amount of 17-ketosteroids in 
the urine may be greatly increased. Among 
eunuchs of either sex, pubic and axillary hair 
may be present in spite of the fact that the 
condition antedated puberty. The distribution 
of the pubic hair, in such cases, however, al- 
most always has a feminine contour and the 
hair of the extremities, thorax and face is 


’In other cases of Addison’s disease we have observed 
both intermenstrual bleeding and menorrhagia. 
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either absent or greatly reduced in amount, 
unless the condition was acquired late in life. 
On the other hand, in cases in which severe 
prepubertal anterior pituitary insufficiency is 
associated with both gonadal and adrenal cor- 
tical hypofunction, pubic and axillary hair is 
usually absent. These facts, in conjunction 
with those that have been mentioned previ- 
ously regarding the distribution of the cu- 
taneous hair in cases of Addison’s disease, 
tempt one to entertain the idea that in women, 
and to a lesser extent in men, growth of pubic 
and axillary hair reflects adrenal cortical ac- 
tivity. 

After the preparation of this article, one of 
us (E.J.K.) showed the photograph of our pa- 
tient to Dr. Fuller Albright. He called our 
attention to a similar case which he and his 
associates had reported previously. It is of in- 
terest that from their study of ‘ovarian 
dwarfs,’ eunuchs and cases of panhypopitui- 
tarism they also favored “the thesis that axil- 
lary and pubic hair are due to adrenal cortical 
rather than ovarian function.” 
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characterized by fetal wastage and com- 
plicated by pre-eclamptic toxemia of 
premature delivery. Between 1922 and 1939 
the case histories in this clinic show that only 
62 per cent of the 228 pregnant diabetic 
women delivered viable infants; 15 per cent of 
the total number of pregnancies terminating in 
abortion or miscarriage, 23 per cent in still- 
births or neonatal deaths; these figures are 
comparable with those reported by others 
(1-6). If the 35 cases of early abortion are 
excluded from this series the percentage of 
viable infants is 74. Because this was essentially 
the same percentage as that recorded for preg- 
nant diabetic patients prior to the discovery of 
insulin an investigation of the hormone excre- 
tion levels in such cases was undertaken. 
Between Jan. 1, 1936, and July, 1942, 125 
consecutive cases of pregnancies among 119 
diabetic patients were studied after the 24th 
week of pregnancy in order to determine hor- 
mone excretion values for gonadotropin and 
pregnanediol. One hundred and fifteen cases 
had well established diabetes prior to preg- 
nancy and in 10 the diagnosis of diabetes was 
made during this period. These patients were 
observed almost daily during the third tri- 
mester of pregnancy and it was found that 51 
(42 per cent) developed toxemia (hypertension 
and/or albuminuria otherwise unexplained) 
and 25 (20 per cent) delivered before the 36th 
week, 
Three possible causes of the unsuccessful 
outcome and coincidental abnormal clinical 


Pirseacter in the diabetic too often is 


Received for publication August 7, 1942. 


course of diabetic pregnancies are considered 
here. They are a) a defective ovum under 
which are included congenital anomalies; b) the 
disturbed chemistry of diabetes; c) an imbal- 
ance of the hormones during pregnancy. 


DEFECTIVE OVUM 


It has been established that defective ova 
(7), including congenital anomalies, and hor- 
monal imbalance (8) may terminate pregnancy 
with fetal death. Examination of the ova in 
two cases of early abortion (Cases 8043 and 
11376) did not reveal evidence of a defective 
ovum. If all congenital anomalies may be at- 
tributed to defective ova, one fetal and one 
infant death may be attributed to this cause 
(Cases 5844 and 18169). Our data are too few 
to contribute facts to the theory that a defec- 
tive ovum is the underlying cause for abortion. 


DISTURBED CHEMISTRY OF DIABETES 


For years fetal deaths in diabetic pregnan- 
cies have been attributed to uncontrolled 
diabetes. Authors (9-10) have almost dog- 
matically asserted that fetal deaths were ex- 
ceptional if diabetes were well controlled. Two 
chemical disturbances in diabetes could theo- 
retically produce harmful effects upon the 
child: a) a change in the hydrogen ion concen- 
tration of the blood and 6) hypoglycemi«. 
Placental glycopenia may occur in pregnancy 
complicating diabetes. In each of these three 
instances there may be an associated anoxemi:.. 

Acidosis. Acidosis, per se, is not important <s 
a lethal factor in producing fetal death, as s 
shown by the increase of 6 per cent in the feta! 
survival rate following the inauguration cf 
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insulin treatment (table 1). Our clinical ob- 
servations since 1922 have shown that some 
fetal deaths occurred in cases of diabetes which 
were chemically controlled while viable infants 
were delivered subsequent to treatment of 
diabetic coma and prolonged acidosis. Coma 
complicated the course of pregnancy in one of 
the 125 cases reported here, the second preg- 
nancy of Case 13414, and was followed by 
the delivery of a living child. Coma did not 
complicate the course of pregnancy of the 17 
patients whose fetuses died. In fact, 10 of the 
1° fetal deaths occurred during prolonged 
dabetic care at the New England Deaconess 
o Faulkner Hospitals. The diabetic control of 
these patients during pregnancy and especially 
in relation to the death of the fetus is shown 
in table 2. 

Hypoglycemia. In our clinical experience we 
have not seen cases in which maternal hypo- 
glycemia has contributed to fetal death. Vari- 
ous degrees of hypoglycemia occurred among 
the 125 cases reported here. The most striking 
example was that of Case 13215 who, by mis- 
take, received 210 units of protamine zinc in- 
sulin in a single injection. At this time, she 
had toxemia and was in the 31st week of preg- 
nancy. In spite of continuous administration 
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of glucose she became hypoglycemic to the 
point of unconsciousness but was delivered of 
a healthy infant 6 weeks later. Another patient 
in the 12th week of pregnancy, Case 3040, 
whose case is not included in this series, was 
admitted to the hospital hypoglycemic and 


TABLE 1. FETAL SURVIVAL IN DIABETIC PATIENTS! 


Still- Abortion 


Live Neonatal and Sits. 
Births Deaths __ births nes 
_ reer! | Se ea ae CORE ee 
No. No. % No. % No. % No. % 


Pre-Insulin 
1898-1922 103 57 56 Oo ©. 2022) 2522 
1922-1939 228 142 62 24 11 27 12 35 15 


1 Data compiled from clinic cases and their histories. 


unconscious. She was delivered of a healthy 
infant at term. 

Maternal hypoglycemia did not contribute 
to the 17 fetal deaths reported here as can be 
seen in table 2. 

Whether or not the placenta is permeable 
to insulin has not been clearly established. 
Snyder and Hoskins (11) presented evidence 
of failure of passage of insulin from fetal to 
maternal circulation. Britton (12) showed that 
the administration of insulin to pregnant cats 


TABLE 2. DIABETIC STATUS OF MOTHER DURING PREGNANCY AND AT TIME OF INTRA-UTERINE OR NEONATAL DEATH OF THE 
17 FETAL FATALITIES IN 125 CASES 


Blood Sugar, Urinary Sugar and Diacetic Acid at Time of Stillbirth or Neonatal Death 





am Duration Severity —-— — 
— Age of of Average Blood Urine Diacetic 
0. Diabetes Diabetes blood sugar! — sugar —" Autospy report 
SiN sugar acid 
per trimester per 24 hr. 
yr. yr. mg. mg. gm. 
1 2 3 

4710 26 14 severe 110 10 — 80 2 0 Atelectasis 

5618 33 10 moderate 120 190 190 200 16 tr Stillbirth 
10715 = 37 3 mild 170 180 130 130 2 0 Asphyxia pallida 
11872 29 + moderate 190 190 1 0 Atelectasis 
12946 25 0.8 mild 150 180 130 140 18 ++ Atelectasis, subtentorial hemor- 

rhage 

13414 931 3 mild 160 110 + 0 Stillbirth 
14037. 25 3 severe 160 220 190 ?+++4++ 0 Atelectasis 
15147 37 2 severe 140 120 15 0 Stillbirth 
16258 31 13 moderate 150 120 130 120 18 0 Stillbirth 
16429 28 9 mild 160 150 110 48? 0 Erythroblastosis 
17301 40 3 mild 120 120 150 0 0 Hemorrhagic disease of newborn 
17920 = 23 1¢ mild 100 120 0 0 Atelectasis 
18169 40 20 mild 160 140 15 0 Congenital anomaly 
19092 27 10 severe 240 180 130 3 0 Aspiration pneumonia 
19238 35 Zz mild 60 170 167 tr 0 Stillbirth 
19195 32 14 mild 170 170 180 Stillbirth 
19550 27 2 mild 160 150 7 0 Tentorial hemorrhage 





1 Random blood sugars 


2 Erythroblastosis 
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failed to reduce the blood-sugar level of the 
fetuses near term. A species difference in fetal 
resistance to insulin is shown by the experi- 
ment of Schlossman (13), and Passmore and 
Schlossman (14). The fetal dog, sheep and 
goat are resistant to insulin; the two latter 
scarcely respond to doses as great as 415 units 
per kilogram (administered directly into the 
fetus). In contrast to these animals, fetal rats 
are susceptible even when insulin is injected 
into the mother. 

Placental glycopenia. Placental glycopenia as 
a cause of fetal deaths in pregnancy complicat- 
ing diabetes is an interesting possibility. 
Theoretically, placental glycopenia may result 
from uncontrolled diabetes or more probably 
from the reverse condition, hypoglycemia, 
whereby there is a blockage of glycogen in the 
placental cells leading to glycogen insufficiency. 
Although the placenta plays an important réle 
in fetal glycogen metabolism, the fetal liver 
can function (15). Since the fetus is not dia- 
betic, its liver should respond to the stress and 
strain produced by placental glycopenia. Our 
clinical experience does not favor the theory 
that the disordered carbohydrate metabolism 
of uncontrolled diabetes or hypoglycemia pro- 
duced the fetal deaths (table 2). 

The subject of glycopenia as related to dia- 
betes and pregnancy should not be dismissed 
too quickly. Zondek (16) has shown that 18 
per cent of all sterility cases can be explained 
upon the basis of glycopenia uteri. Increase in 
the fertility rate of the diabetic population has 
followed the course of improved control of 
carbohydrate metabolism. Thus, the rate was 
low prior to 1922. Bouchardat (17), the great 
French clinician, saw no cases of pregnant 
diabetics, Naunyn (18) in his wide experience 
saw but one, and in this clinic there are records 
of only 108 cases of pregnancy among the dia- 
betic women whose diabetes antedated 1922. 
A greater increase in the fertility rate occurred 
after 1936, coincident with the better control 
of diabetes with protamine zinc insulin. Just 
as protamine zinc insulin has solved the prob- 
lem of hepatomegaly in juvenile diabetics by 
substituting the normal storage of glycogen for 
the abnormal storage of fat, it may have 
solved the chief cause of sterility in diabetic 
women. 
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DISTURBANCE OF HORMONES IN PREGNANCY 
COMPLICATING DIABETES 


Since defective ova and disturbed chemistry 
of diabetes do not seem to explain adequately 
the fetal wastage and abnormal clinical course 
of diabetic pregnancies, we were forced to the 
study of imbalance of the hormones in preg- 
nancy (19-28). For this purpose we have used 
125 consecutive diabetic cases after they were 
successfully carried to the twenty-fourth week 
of pregnancy. Gonadotropin and pregnanediol 
and a few estrogen determinations were made. 

Chorionic gonadotropin. Values for chorionic 
gonadotropin which were higher than 200 rat 
units per 100 cc. of blood during the 25th 
through the 33rd week of pregnancy were con- 
sidered abnormal. In the first cases studied, 
analyses were made at 4-week intervals but 
clinical experience soon showed that more fre- 
quent determinations at weekly intervals were 
essential. The serum to be tested for chorionic 
gonadotropin is precipitated with ethanol and 
stands overnight. It is then extracted with 
ether and the residue suspended in 6 cc. of 
normal saline. Since we are attempting to 
routinize procedures, low levels of gonado- 
tropin are not determined. The following 
amounts of sera are used: 0.5, 0.3, 0.2, 0.15, 
0.1, and 0.075 to give readings on 200, 333, 
500, 775, 1000, and 1500 rat units per 100 cc. 
of blood. Twenty-one-day-old rats weighing 
35 to 45 gm. are injected twice daily for 3 days. 
The morning of the sixth day the rats are 
autopsied. The end point sought is the macro- 
scopic demonstration of corpora lutea. The 
tests are made in duplicate, one positive read- 
ing outweighing a negative. 

As in any test in which the determination 
of the end point is objective, accuracy and con- 
sistency in detecting the presence of corpora 
lutea in the ovary are the result of experience 
and testing gross observations against micro- 
scopic sections of the tissue. Ovarian and 
uterine weights have not been used as criteria 
in the cases reported here. Whereas ovarian 
weights usually parallel the end point of macro- 
scopic corpora lutea, in a few instances these 
have not been present in large ovaries and con- 
versely have been present in some small ovaries. 
The uterine weights were inconsistent in that 
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19290 ii 333 a 200] “200 200|> 
10006 i 200| 333| <200 200| <eo0 a ? (200| (200 «200 ‘<i 
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37 |L8/88/ 0} 80 | 20| c | 8 | 34 24/15 44/56 
| ‘ >) ) 
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* Pregnanediol, encircled figure. 
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ol, encircled figure. 
iven in milligrams. Estrogen was given in proportion to the chorionic gonadotropin curves and progesterone 


tion to the pregnanediol curves. 
1 therapy is indicated by a line below the dosage in mg., and oral administration by a line above the dosage 


1 natural estrogen have not been designated separately except that the size of the dose gives the clue for the 
the larger dosage indicating that stilbestrol was employed. 
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frequently the largest uteri (cystic) were ob- 
served in rats with the smallest ovaries and 
likewise in some cases the smallest uteri were 
seen in animals with large ovaries. 

Pregnanediol. The method of Venning and 
Browne (29) was first used and later that of 
Astwood (30) for the determination of preg- 
nanediol. The curves published by Venning 
and Browne were used as standards. 

Estrogen. Few estrogen assays were made be- 
cause the procedure is time-consuming and 
fetal death or termination of pregnancy may 
occur before significant data are accumulated. 
It was also found that the values for the estro- 
gen were usually in indirect proportion to the 
gonadotropins and the test for the latter is 
more simple and practical from the chemical 
point of view, 5 or 10 cc. of blood being neces- 
sary in contrast to 40 or 50 cc. for estrogen. 
The test for estrogen determination has been 
described (24-28). 


CLASSIFICATION OF CASES 


One hundred and twenty-five consecutive 
cases of pregnancy complicating diabetes were 
classified as having a normal or abnormal bal- 
ance of the hormones in pregnancy, based on 
results of chorionic gonadotropin assays in 
all cases and on pregnanediol determinations in 
60 cases. In a few instances the result of estro- 
gen assays influenced the classification, but 
these were not considered essential. 

In 41 cases the hormonal balance was nor- 
mal, in 77 abnormal.! The first 27 cases of ab- 
normal hormonal balance received no hormonal 
therapy except insulin. 

Normal hormonal balance. Of the 41 cases 
with normal hormonal balance, 32 were ob- 
served during the clinical period of the 25th 
through the 33rd week. Among 22 of these 41 
cases, the level of chorionic gonadotropin re- 
mained below 200 R.v. per 100 cc. of blood from 
the 25th through the 33rd week (Case 14632 to 
2847, table 3a). Ten were classified as normal, 
although the gonadotropin level rose above 
200 R.U. once in the critical period, but all sub- 
sequent values were normal (Case 15569 to 
12563, table 3a). Data for the cases observed 


1 Seven patients received treatment on the basis of history 
and clinical signs. 
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only after the 32nd week are listed in table 3a, 
Cases 18316 through 19071. ; 

Abnormal hormonal balance untreated. The 
first 27 of the total 77 cases showing abnormal 
hormonal balance were not treated. Twenty of 
the 27 showed two or more abnormal values for 
chorionic gonadotropin in the critical period 
(Cases 4710 through 1006, table 3b). Three 
were Classified as abnormal because of the low 
pregnanediol excretion unaccompanied by sig- 
nificant rise of chorionic gonadotropin (Cases 
17301, 18275, 20822). One was classified as ab- 
normal because of extremely low estrogen 
values (Case 5618) and two because fetal loss 
occurred after the first abnormal rise of 
chorionic gonadotropin. No further chemical 
data could be obtained in Cases 14037 and 
5864. One was classified as abnormal because 
there was a rise in chorionic gonadotropin 
after the 33rd week which persisted one week 
after delivery (Case 11115). 

Abnormal hormonal balance, treated. Fifty 
cases were classified as having abnormal hor- 
monal balance and were treated (table 3c). The 
basis of classification was that 44 had a well 
established abnormal rise in the level of chorion- 
ic gonadotropin during the 25th through the 
33rd week. Six were included largely because 
of low pregnanediol excretion values (Cases 
5864, 19837, 17920, 19590, 13977 and 6980). 
Two had high chorionic gonadotropin levels 
when first seen after the 33rd week and both 
had histories of stillbirths (Cases 5618 and 
17230). Five patients were included in this 
group on the basis of history of fetal loss in two 
(Cases 13215, 5618) and hydramnios, edema 
and threatened miscarriage in three (Cases 
10371, 5844 and 10579). 


CLINICAL COURSE AND OUTCOME 


Normal. Among the 41 pregnancies in which 
the hormonal balance was normal, spontaneous 
premature delivery before the 36th week did 
not occur. Significant albuminuria did not de- 
velop. Persistent hypertension, unexplained, 
occurred once only (Case 20885). Fetal sur- 
vival was 95 per cent for the 41 cases. If the 
analysis of cases is confined to the 32 observed 
during the 24th through the 33rd week, fetal 
survival is 93 per cent. The two deaths were 
due to unexplained asphyxia pallida in one 
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case and subtentorial hemorrhage following 
breech extraction in the other. 

Abnormal, untreated. Total fetal survival in 
the 27 cases of abnormal hormonal balance 
which was untreated was 60 per cent. The in- 
cidence of toxemia was 52 per cent and of 
spontaneous premature delivery before the 
36th week, 40 per cent. The three neonatal 
deaths were due to hemorrhagic disease of the 
newborn, a congenital anomaly and a subten- 
torial hemorrhage, respectively. Among the 20 
cases in which chorionic gonadotropin was ab- 
normally high during the 24th to the 33rd 
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of a miscalculation of the duration of preg- 
nancy, the fourth case was one of aspiration 
pneumonia, and the fifth of erythroblastosis. 
The incidence of stillbirth appeared to be 
lowered since it was 1 in 26 in this group as 
compared with 1 in 7 in the group of abnormal 
untreated diabetic pregnancies. 

In the study of toxemia, weekly, and in 
hospitalized cases daily, records were made of 
the blood pressure, quantitative albumin tests, 
plasma protein, body weight and the presence 
of edema. On the basis of these records, the 
course of toxemia in diabetic pregnancies was 


TABLE 4. COMPARISON OF COURSE OF TOXEMIA AND LEVEL OF CHORIONIC GONADOTROPIN IN CASES OF HORMONAL IMBALANCE 
UNTREATED AND TREATED 


(Complete Data Not 


Progressive 


Untreated Treated 
% % 
Blood pressure 65 42 
Albuminuria 65 41 
Weight and edema 73 19 
Plasma protein 38 


Chorionic gonadotropin 50 26 


Available for All Cases. Percentage Based on Number Observed) 








Modified 





Unchanged 
Untreated Treated Untreated Treated 

% % % % 
23 9 12 49 
23 21 12 38 
23 4 4 i) 

6 56 
18 19 32 65 





week, the rate of fetal survival was 65 per cent, 
the incidence of toxemia 50 per cent and pre- 
mature delivery 40 per cent. 

Abnormal, treated. In view of the outcome of 
the diabetic pregnancies in the group in which 
the hormone excretion levels were abnormal, 
the problem was to attempt to restore the 
normal hormonal balance in order to try to 
a) lower the rate of fetal deaths, b) prevent and 
modify toxemia, and c) prevent premature 
delivery. Therapy was attempted with estro- 
gens and progesterone in 50 cases of this group 
in which there was known hormonal imbalance 
and in 7 additional cases which were included, 
2 on the basis of history and 5 on the basis of 
symptoms, a total of 57 in the group of treated 
patients. None delivered before the 33rd week, 
18 per cent delivered before the 36th, and 7 
per cent during the 36th week. Fetal survival 
for the 57 was 92 per cent, and for the 50 in 
which treatment was indicated by the result of 
hormone assays it was 90 per cent. Fetal loss 
represented 5 deaths; two were stillbirths 
typical of diabetic pregnancies, one was a 
premature delivery by cesarean section because 


judged to be a) progressive, b) unchanged and 
c) modified (table 4). Results of individual 
cases are recorded in table 3c. 


TREATMENT OF PREGNANT DIABETICS 


An unsuccessful pregnancy appeared to fol- 
low one of two general courses: a) following 
the hormonal imbalance the mother would de- 
liver prematurely of an infant which was ma- 
ture in appearance but which would die of 
atelectasis; b) during the period of the hor- 
monal imbalance the mother would gain weight 
abnormally, develop visible edema, hydram- 
nios, albuminuria, hypertension; intrauterine 
fetal death would occur followed by the dis- 
appearance of the clinical signs of toxemia and, 
later, delivery of a macerated giant. 

The management of pregnancy in diabetes 
may be divided into three parts: a) hormonal, 
b) diabetic and c) obstetric. Rules for manage- 
ment have been evolved during the 7 years in 
which the patients have been studied so that 
all cases have not been treated precisely as out- 
lined here. 
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HORMONAL TREATMENT 


Diabetes of long standing and severity ap- 
pear to favor the occurrence of hormonal im- 
balance in pregnancy and at present if a pa- 
tient presents a history of abortion or miscar- 
riage, therapy may be instituted prior to the 
demonstration of a hormonal imbalance. 
Usually, however, weekly analyses for preg- 
1anediol and chorionic gonadotropin are made 
‘n order to determine if hormonal therapy is 
ndicated. If the pregnanediol level falls below 
‘he normal according to the curve of Venning 
and Browne, progesterone therapy is insti- 
tuted. If the results of two tests, preferably 
consecutive, during the critical period from the 
25th through the 33rd week show a rise of 200 
or more R.U. of chorionic gonadotropin per 100 
cc. of blood, therapy combining estrogen and 
progesterone or a progestin-like substance is 
started. 

Parenteral appeared to give better results 
than oral therapy with hormone preparations. 
No clinical difference in response to progester- 
one or progestin-like substances was noted. 
There seemed to be no clinical difference in the 
response to natural or synthetic estrogens. 
Various types of preparations were used in an 
effort to reduce the cost of therapy. 

When therapy with progesterone and pro- 
gestin-like substances was instituted, it was 
maintained daily up till the time of delivery. 
The dosage was varied and was not less than 
5 mg. In some instances it was as high as 50 
mg. per day. Pellet implants of crystalline 
progesterone were used in the last two cases in 
the series requiring corpus luteum hormone 
therapy. The results appeared to be more 
satisfactory than with injection treatment. 

Estrogen therapy likewise was maintained 
daily from the time of its initiation to delivery. 
The dosage was varied according to the level 
of chorionic gonadotropin and the type em- 
ployed and its route of administration. Stil- 
bestrol appeared to be as effective as the 
natural estrogens. The daily dosage for the 
former ranged from 10 to 50 mg. parenterally 
and from 40 to 120 mg. orally. Most of the pa- 
tients required 120 mg. orally. Nausea and 
vomiting as a result of this dosage did not oc- 
cur. 

Two cases of jaundice occurred, one of which 
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was a fatal hepatitis. This woman, Case 19960, 
was in the fourth year of her diabetes. She had 
one living child. The second pregnancy resulted 
in a neonatal death. The second pregnancy had 
been complicated by hydramnios. She was 
first seen in the 17th week of pregnancy. The 
chorionic gonadotropin rose in the 25th week 
to 200 r.v. per 100 cc. of blood and to 500 R.v. 
in the 28th week. Treatment was started in the 
26th week. She received a total of 3080 mg. 
of stilbestrol. The clinical course was un- 
eventful. For the purpose of sterilization she 
was delivered by cesarean section in the 38th 
week. The infant was normal and healthy. In 
the immediate postpartum interval she de- 
veloped pyelitis for which sulfathiazole in 
moderate dosage was given. The highest blood 
level was 5 mg. per 100 cc. Discharge from the 
hospital was on the usual day. Subsequently 
the pyelitis recurred. She was rehospitalized 
and treated with sulfadiazine and discharged in 
a week taking sulfathiazole, 2 gm. daily. In the 
sixth week after delivery she developed jaun- 
dice. The bilirubin rose to 28.9 and finally to 
35.7 mg. The direct reaction was 58 per cent, 
the prompt one, 96.5 fer cent. She was hos- 
pitalized for treatment of hepatitis. Glucose 
and plasma were given. She became worse and 
died 50 days after delivery. An autopsy was 
made. The examination, because of the unusual 
features, was made by the medical examiner, 
Dr. William Brickley, and by Dr. Shields 
Warren. The four following causes of the 
hepatitis were considered: toxemia of preg- 
nancy, sulfonamides, ingestive poisoning, and 
stilbestrol. Since she had developed no clinical 
signs of toxemia, although given stilbestrol be- 
cause of the high prolan to avert toxemia, 
toxemia was excluded. The normal appearance 
of the bone marrow and the low blood level of 
sulfathiazole were against sulfa drugs as a 
causative agent. Although the patient was de- 
pressed to the degree of threatened suicide, the 
gastro-intestinal tract showed no signs of ir- 
ritation, so ingestive poisoning seemed unlikely. 
Dr. Warren’s statement about stilbestrol was 
as follows: “It is unlikely to have caused death 
50 days after the last dose was administered.” 

Because of this experience, no other patient 
with pyelitis has received stilbestrol. Patients 
receiving large doses of stilbestrol for 5 days 
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post partum or 2 days longer than would be 
usual for surgical delivery also receive intra- 
venous glucose twice daily. Routine bilirubin 
tests are made weekly after the inauguration of 
stilbestrol treatment. There is a possibility of 
carcinogenic (31) effects in prolonged treat- 
ment with high dosages of estrogens. However, 
therapy in our cases is substitutional and less 
than replacement in character, and is com- 
bined with progesterone which is known to de- 
press the rate of cell mitosis. 

Incidences of inadequate therapy. In 14 of the 
53 cases treated for increased level of chorionic 
gonadotropin, therapy was inadequate in that 
the hormone level remained high (Cases 16776 
through 4803). Six of these patients delivered 
prematurely. Twelve had toxemia. One infant 
died and 6 were critically ill from 1 to 7 days 
after birth. The pro, ress of the other 7 infants 
was normal. These patients were among the 
first treated and as a result there was a) delay 
in initiating treatment while waiting for con- 
firmatory chemical evidence, 0b), failure to 
change quickly enough from the oral to the 
intramuscular type of therapy when the de- 
sired results were not obtained, and c) failure 
to adjust the dosage employed when the level 
of chorionic gonadotropin remained high. Refer- 
ence to table 3 will show the failure to control 
water balance in patients inadequately treated. 


DIABETIC MANAGEMENT 


Diabetic management of our patients during 
pregnancy is not difficult. The diet must be 
adequate. Calories are prescribed by weight, 
namely, 30 per kg. of increasing body weight. 
The carbohydrate allowance is liberal, 200 
gm. The protein intake should be high, 2 gm. 
per kg. of body weight, and sufficient fat to 
complete the caloric requirement. 

The diet is supplemented with vitamins in- 
cluding vitamin E which is given early in 
pregnancy and vitamin K which is given later 
in anticipation of delivery. The use of sodium 
bicarbonate is prohibited and the sodium 
chloride intake is reduced after the sixth 
month. 

Insulin is prescribed primarily according to 
blood-sugar levels rather than urinary sugars 
in order to avoid the pitfalls resulting from the 
lowered renal threshold. The usual routine for 
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treatment with insulin in our clinic is simul- 
taneous administration of protamine zinc in- 
sulin and crystalline insulin before breakfast. 
A pregnant diabetic has the same prescription 
based on blood-sugar levels, but, in addition, 
small to larger doses of insulin are given before 
lunch and the evening meal. The amount of 
insulin for the small later doses is determined 
by the result of urinary rather than blood- 
sugar tests. These small doses prevent the ex- 
cretion of glucose, which is often excessive in 
pregnancies, amounting to as much as 50 to 
100 gm. daily even when the blood-sugar levels 
are nearly normal. 

The effects of hormone treatment on insulin 
requirement in these diabetic pregnancy cases 
TABLE 5. INSULIN REQUIREMENT DURING PREGNANCY AMONG 


PATIENTS WITHOUT HORMONAL TREATMENT AND WITH 
HORMONAL TREATMENT 











Increased 





No. Less ' 
Cases Insulin Unchanged Insulin 
% % % 
Without 
treatment 45 26 22 52 
Following 
treatment 49 60 6 28 





are shown in table 5. Reference to table 3, in 
which the data on the average insulin dose for 
each trimester of pregnancy without reference 
to the time of initiation of sex hormone 
therapy, shows that the normal group required 
27, 31, and 35 units, respectively, for each 
trimester; the abnormal untreated 37, 46 and 
60 units, respectively for each trimester; and 
the abnormal treated 48, 54 and 64 units, re- 
spectively. But if the time of initiation of 
treatment is taken into consideration, 60 per 
cent of the cases required less insulin after 
hormonal treatment was started; only 26 per 
cent of the untreated cases required less. Sixty 
per cent of the treated cases required less 
insulin after delivery than they did in their 
pre-pregnancy period. Thirty per cent of the 
untreated group required less insulin after 
delivery. 


OBSTETRICAL MANAGEMENT 


The obstetrical management includes choice 
for time of delivery, type of delivery, anesthesia 
and medication. If the hormonal balance is 
normal, the pregnancy may continue to term. 
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There were no cases of intrauterine deaths in 
the group of 41 diabetic pregnancies with 
normal hormonal balance. In our experience 
even though sex hormonal therapy has been 
siven to those with abnormal hormonal balance 
better results are obtained when delivery is in 
the 37th week. The type of delivery is, of course, 
the choice of the obstetrician (32). Gigantism, 
breech presentation and sterilization are indi- 
cations for cesarean section in our clinic. In 
this series of 125 cases, the number of normal 
deliveries was 46; that by cesarean section, 79. 

If cesarean section is performed, no pre- 
liminary sedation is administered. In our prac- 
‘ice spinal anesthesia is the one of choice and 
oxygen is given during the operation. If nor- 
inal delivery is feasible, glucose and insulin are 
“iven as indicated. According to the course of 
labor, minimum sedation is prescribed, not 
more than nembutal, grain 3, and scopolamin, 
grain 1/150. Spinal anesthesia or nitrous-oxide 
inhalation may be used during the third stage 
of labor and for episiotomy. 

Diabetes in our clinic is not considered an 
indication for therapeutic abortion. Maternal 
mortality is 0.8 per cent, and late fetal sur- 
vival has risen from 75 to 90 per cent. Diabetes 
is considered an indication for sterilization after 
the second or third successful pregnancy. The 
reasons for sterilization are a) the shorter life 
expectancy of the diabetic which has been 
demonstrated by the Metropolitan Life In- 
surance Company to be two-thirds normal 
(1937) and b) the chances of development of 
nephrosclerosis, the fate of diabetics in this age 
group. 


THE INFANT OF THE DIABETIC MOTHER 


These 125 pregnancies resulted in 108 living 
babies and 124 living mothers. Autopsies were 
performed on 15 of the 17 fatal cases. The 
autopsies were performed by 5 pathologists. 
Nine of the 17 dead infants were delivered by 
cesarean section, 8 by the normal route, 6 
were born between the 30th and 32nd week, 2 
between the 32nd and 36th and 7 were born 
between the 36th and 39th, and 2 in the 40th 
week. Fifteen of the 17 fetal deaths were in 
children of mothers having abnormal hormonal 
balance in addition to diabetes. 

Body size. All of the infants that died ex- 
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ceeded the expected weight for age. The body 
length also was above the average for the 
chronologic age. The excess of the size of the 
infants of the 125 mothers in this series as 
compared with the standard of Potter and 
Adair (33) is shown in figure 1. With 10 excep- 
tions, the weights are greater than the average 
for infants of non-diabetic mothers. From these 
figures it is evident that the chances of the 
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Fic. 1. Fetal weight in relation to the duration of preg- 
nancy. The broken line indicates the average birth weight 
in normal cases; the curve is that of Potter and Adair for 
normal infants. 


diabetic woman producing an oversized infant 
are 8 in 10. 

Body size of the infant was apparently af- 
fected by three factors: a) fat, b) edema and 
c) size of the organs. The gross appearance and 
the depth of adipose tissues measured at 
autopsy were evidence for the first factor. 

Edema occurred commonly in the infants of 
mothers in whom the hormonal imbalance was 
unchanged. In the living infants edema was 
evidenced by visible pitting, diuresis and total 
weight loss. The weight loss in 72 hours of 60 of 
the infants in whom the data were available 
was on the average 10.5 ounces as compared 
with 6.3 ounces in 60 infants of non-diabetic 
mothers delivered during the same interval 
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at the Faulkner Hospital. The range of weight 
loss in the infants of diabetic mothers was 0.5 to 
25 ounces and in infants of non-diabetics 1 to 
12 ounces. There was usually a prompt and 
spontaneous diuresis in the infants of diabetic 
mothers. 

The most striking observation in the autopsy 
protocols was visceral enlargement. Hertig (34) 
had previously reported cardiac enlargement 
in infants of diabetic mothers. Over a period 
of years isolated reports of splanchnomegaly 
occurring in infants of diabetic mothers have 
appeared (35, 36). The enlargement was 
marked in the heart, liver and spleen; less so in 
the lungs and kidneys. Enlargement of the 
adrenal, pancreas and thymus was not so con- 
sistently observed. In contrast, the size of the 
brain was smaller than normal. Excessive 
hematopoiesis was reported in the microscopic 
studies of the liver and spleen in 14 of the 17 
autopsied infants; glomeruli of the fetal type in 
6; hyperplasia of the islet tissue of the pancreas 
in 5 instances; atelectasis in 13; low weight of 
the brain in 11 instances (37). 

Hypoglycemia. Hypoglycemia (38) to which 
the low rate of fetal survival in diabetics has 
often been attributed, has not been lethal in 
our experience. One infant only had clinical 
and chemical evidence of severe hypoglycemia. 
The blood sugar in infants of diabetic mothers 
often falls from birth level in 4 hours with a 
spontaneous rise without the administration 
of glucose or oral feeding, usually within 8 
hours. The infants delivered by cesarean sec- 
tion are born within a few minutes of intra- 
venous glucose administration to the mother 
so that the first few hours of postnatal life 
represent a glucose tolerance test. The average 
blood sugar for 38 cases at birth was 100 mg. 
per cent. In four hours in 31 cases it was 70 
mg. per cent, and in 8 hours for 26 cases was 80 
mg. per cent. The range was 30 to 260 mg. per 
cent at birth, 9 to 120 in 4 hours, and 40 to 130 
in 8 hours. The lowest blood sugar, 9 mg. per 
cent, was associated with signs of hypogly- 
cemia. The mother also had hypoglycemia at 
the time of delivery. Glucose relieved the in- 
fant instantly. As long ago as 1921, it was 
known that relative hypoglycemia was char- 
acteristic of all newborns. The minimum 
average and maximum blood sugars for the 
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first day of life for the normal infants of normal 
mothers was found by Lucas, ef al. (39) to be 
40, 50 and 60 mg. per cent, respectively. 

Congenital anomalies. Congenital anomalies 
were frequent but lethal only twice. Syndac- 
tylism, dwarfism, pancreatic rests, short ten- 
don, kidney cysts and defects of the skull, oc- 
curred twice; clawhand, clubfoot, webtoes, 
congenital hips, cretinism, feeblemindedness, 
Mongolian idiocy, ovarian cysts, congenital 
heart, angioma, cysts of the mouth, varices of 
the heart, occurred once each. These condi- 
tions were present in 20 infants. There appears 
to be 1 chance in 6 for the infant of the diabetic 
mother to have a congenital defect as com- 
pared with 1 in 55 for the infant of the non- 
diabetic mother (40). 

In the experience of this clinic, the infant of 
the diabetic mother appears to require ante- 
natal as well as postnatal care. This includes 
management of diabetes, methods to control 
water imbalance, high protein and salt-poor 
diet, and hormonal therapy if an imbalance of 
hormones is shown. Oxygen is administered to 
the mother during the operative procedure and 
all infants are placed in an oxygen incubator 
for at least 24 hours after birth. Oral feeding is 
postponed for 24 hours. Body temperature is 
regulated with incubator heat. Glucose is ad- 
ministered if the blood sugar is below 40 mg. 
per cent and if the blood level is still falling 
after 8 hours. 

Subsequent course of infants. Two of the in- 
fants of this series died after the second week, 
one with a meningocele and one with septi- 
cemia. To date there has been no other death. 
None has developed clinical diabetes. Roent- 
gen-ray examinations of the bones of infants 
whose mothers received estrogen showed no 
increased maturity, no cortical thickening or 
obliteration of the medullary canal, and there 
has been no genital anomaly. 


DISCUSSION 


From the foregoing it is evident that whereas 
chemical disturbance of diabetes and defective 
ova theoretically may have a lethal influence 
on diabetic pregnancies, the data here tend to 
refute rather than favor their importance. Our 
present conception of the mechanism of the 
accidents characteristic of diabetic pregnancies 
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* Pregnanediol, encircled figure. 

Therapy is given in milligrams. Estrogen was given in proportion to the chorionic gonadotropin curves and progester 
therapy in proportion to the pregnanediol curves. 
_ Intramuscular therapy is indicated by a line below the dosage in mg., and oral administration by a line above the dos 
in mg. 

Synthetic and natural estrogen have not been designated separately except that the size of the dose gives the clue for 
type of therapy, the larger dosage indicating that stilbestrol was employed. 
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is that they appear to be related to an imbal- 
ance of the pregnancy hormones, estrogen, 
progesterone and chorionic gonadotropin. This 
imbalance may be a progesterone-estrogen-like 
deficient metabolism producing compensatory 
rise in chorionic gonadotropin (24-28). The ac- 
cidents, toxemia, prematurity and fetal death 
appear to be predicted byan increase in chorion- 
ic gonadotropin and a decrease of pregnanediol 
excretion. They appear to be prevented by 
continuous substitutional estrogen and _ pro- 
gesterone therapy. 

The reason for the frequent occurrence of the 
imbalance of sex hormones when pregnancy 
complicates diabetes is not clear. Faulty pro- 
duction, metabolism and excretion of sex hor- 
mones must all be considered. Faulty produc- 
tion of hormones is consistent with the complex 
endocrinal mechanisms in diabetes. The liver 
of the diabetic may play an important réle in 
the incomplete metabolism of the sex hormones 
of pregnancy. Faulty excretion of these hor- 
mones in diabetic patients is also possible, 
since nephrosclerosis is the end result of dia- 
betes in youth. Kidney function tests on these 
patients during pregnancy, however, revealed 
little evidence of renal damage, but 21 of the 
22 patients who had roentgen-ray evidence of 
calcified arteries were in the group with ab- 
normal hormonal balance. 

The data here do not indicate the mode of 
action of the estrogens and progesterone when 
used in the management of diabetic preg- 
nancies. Whether their action is one of vaso- 
dilation, a direct effect upon metabolism of 
nitrogen and electrolytes or through some 
other mechanism is not clear. The importance 
of adequate control of fluid balance, however, 
cannot be over-emphasized. Any method of 
therapy successful in reducing the excess of 
intrauterine fluid must be of value in the man- 
agement of diabetic pregnancies. The most 
favorable effects of our hormone therapy ap- 
peared to be upon weight, edema and hydram- 
nios. With hormonal treatment, hypertension 
and albuminuria appeared to be modified and 
serum protein levels tended to rise. The signifi- 
cant progression of hypertension and albumin- 
uria was exceptional when adequate hormonal 
treatment was inaugurated sufficiently early. 

The apparent lessened requirement of in- 
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sulin following sex hormonal treatment is of 
interest. A certain amount of diabetic research 
has concerned itself with the attempt to al- 
leviate the course of the disease through a 
contra-hormonal control of the pituitary. It is 
well established by Zondek (16) that estrogen 
administered to growing rats affects part of the 
anterior pituitary since it prevents growth in 
length and weight and results in atrophy of the 
gonads. Sex hormone therapy (41, 42) in dia- 
betes occurring at the menopause has been re- 
ported to be followed by lessened severity. This 
experience appeared to be borne out in our 
group with abnormal hormonal balance re- 
ceiving hormone therapy. Other experiments 
(43) indicate that diabetes is produced by 
estrogens. Increase in the severity of diabetes 
did not appear to result from the therapy given 
our patients. 

The fetus of the diabetic mother is charac- 
terized by an excess of body size due to a) fat, 
b) edema and c) splanchnomegaly. The excess 
of body fat of the fetus is undoubtedly due to 
the greater opportunity for over-nutrition. 
Even when the carbohydrate metabolism of 
the mother is well controlled, the nutritional 
potentialities of the maternal diabetic blood 
are greater than that of the non-diabetic. 

Prompt and spontaneous diuresis of the in- 
fant suggests the antenatal absence of a 
diuretic factor or the presence of an anti- 
diuretic factor which is rectified at birth. It is 
possible that along with the edema and 
hydramnios of the mother the infant also de- 
velops a disturbance of water metabolism de- 
pendent upon the hormonal imbalance. We 
have had the opportunity to examine the 
fetal blood for chorionic gonadotropin once 
only. The level in this case (Case 19550) cor- 
responded with that of the mother. 

The factors responsible for splanchnomegaly 
may be hormonal, 7.e., chorionic gonadotropin, 
pituitary or thyroid. It is possible that 
chorionic gonadotropin stimulates the fetus’ 
own pituitary either to produce more growth 
or gonadotropic factors favoring growth such 
as testosterone. Relative macrosomia (35, 36), 
advanced bone age and more mature genital 
growth in infants of diabetic mothers have 
been reported by others, a finding most con- 
sistent with an excess of chorionic gonado- 
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tropin. There was no evidence of fetal over- 
activity of the thyroid or pituitary in our 
cases. Nevinny and Schretter (44, 45), how- 
ever, observed changes in the fetal hypophysis. 
An excess of fetal insulin favoring nitrogen re- 
tention is a possible cause for the increase in 
organ weight. 

The hematopoiesis found may be hormonal 
in origin for it is known to be stimulated by 
hormones including chorionic gonadotropin. 

The characteristic curve of blood sugar of 
the infant of the diabetic mother tends to rule 
out spontaneous hyperinsulinism for, although 
the blood sugar often falls from birth level, the 
fall is followed by spontaneous rise of blood 
sugar. In spite of the fact that these infants are 
fasted, the level of blood sugar rises. If hyper- 
insulinism existed, the level of the blood sugar 
should continue to fall. 

The frequent occurrence of atelectasis we 
attribute to a combination of cerebral under- 
development and edema. 

Heredity, dietary deficiency and hormonal 
imbalance, any or all of these factors may con- 
tribute to the congenital defects. Diabetic 
children (46) and adult diabetic patients as 
well have similar congenital anomalies sug- 
gesting a genetic origin. Vitamin B deficient 
diets (47) have produced similar lesions in the 
experimental animal and the administration of 
sex hormones (48) has also produced similar 
deviations from the normal in experimental 
animals. Although care is taken to prescribe 
vitamin B for pregnant diabetic women, we are 
not sure of adherence to the prescription or of 
utilization. The majority of defects were found 
in our abnormal hormonal group. 


SUMMARY 


Hormone assays for chorionic gonadotropin 
and pregnanediol were made after the 24th 
week of pregnancy in 125 consecutive cases in 
which pregnancy complicated diabetes. Forty- 
one of the number had hormone excretion 
levels classified as normal and 77 had levels 
classified as abnormal. Twenty-seven of the 
latter received no replacement therapy. The 
clinical course of the 41 classified as normal 
appeared to be normal: none delivered pre- 
maturely, 2 per cent developed toxemia, and 
95 per cent of the fetuses survived. The 27 
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cases classified as abnormal and untreated de- 
veloped toxemia in 52 per cent, premature 
delivery in 40 per cent and 60 per cent of the 
fetuses survived. Substitutional therapy was 
administered to 50 cases with abnormal hor- 
monal excretion levels and 7 others classified 
as abnormal pregnancies because of past his- 
tory or clinical signs. Toxemia appeared to be 
modified in this series. premature delivery oc- 
curred in 25 per cent, and fetal survival was 92 
per cent. 

The management of the pregnant diabetic 
in our clinic includes hormone therapy if in- 
dicated by an imbalance of chorionic gonado- 
tropin and pregnanediol excretion, adequate 
control of carbohydrate metabolism, and pre- 
mature delivery. The characteristics of the in- 
fants of diabetic mothers are: obesity, edema, 
and increase of organ size. The most striking 
change is hematopoiesis of the liver and spleen. 
One hundred and 18 of the 119 mothers sur- 
vived. One hundred and 8 of the 125 fetuses sur- 
vived, 2 of the 108 fetal survivors died in in- 
fancy. Fifteen of the 17 fetal deaths occurred in 
the group with abnormal hormonal balance. 
From this study, it appears that fetal wastage is 
related to an imbalance of chorionic gonadotro- 
pin and pregnanediol in pregnancy and that cor- 
rection of the imbalance in this series appeared 
to be followed by fetal survival approaching 
that of the group classified as normal on the 
basis of hormonal assays and also approaching 
the fetal survival of non-diabetic pregnancies. 

This work was aided by grants from the Division of Child 
Hygiene, Massachusetts Department of Public Health, by 


the Mary and Joseph Lovejoy Fund and by the National 
Research Council. 
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NUMBER Of effective natural estrogens 
Ax synthetic estrogen-like compounds 
are being used at the present time for 
conditions requiring estrogenic therapy. How- 
ever, the search has continued for an orally ef- 
fective natural estrogen to allay the incon- 
venience of the parenteral administration of 
natural estrogens and the undesirable side 
reactions of the synthetic estrogen-like com- 
pounds, as diethylstilbestrol. This is of es- 
pecial importance in conditions such as the 
menopause, which require protracted therapy. 
Recently a number of investigators (1-4) de- 
scribed the use in menopausal women of a new 
naturally occurring and orally effective con- 
jugated estrogen which is prepared from the 
urine of pregnant mares. This water-soluble 
estrogenic product is a complex of estrogens in 
which sodium estrone sulfate predominates. 
When assayed in rats, 1.25 mg. of conjugated 
estrogens equine, expressed in terms of sodium 
estrone sulfate, yields 600 Collip oral day units 
of activity (3). When assayed in monkeys, 1.25 
mg. is equivalent to approximately 7000 oral 
day units of estriol glucuronidate. The follow- 
ing is an analysis of the results obtained in 95 
women to whom estrone sulfate’ was admin- 
istered. 


METHOD OF INVESTIGATION 


Between January, 1942, and April, 1943, 
estrone sulfate was administered to 95 patients 
who were seen at intervals of one to two weeks. 
Subjectively the effectiveness of the drug was 
noted by relief of symptoms. Objectively, the 


Received for publication June 21, 1943. 
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vaginal smear method of Papanicolaou and 
Shorr (7) was employed as an index, and when 
indicated, endometrial biopsies were made by 
the suction curettage method (8). The vaginal 
pH was determined concurrently with the 
vaginal smears by the nitrazine paper method. 

The patients received estrone sulfate in the 
form of the commercially available tablet of 
1.25 mg. in a dosage dependent upon the condi- 
tion treated. In the menopausal group the ini- 
tial dosage varied with the amount thought 
necessary to control the symptoms and to ob- 
tain a follicular or ‘estrus’ type of vaginal 
smear. If the usual initial dosage of 1.25 mg. 
twice a day was insufficient, it was increased. 
If the dosage seemed sufficient, it was decreased 
to determine the minimal effective amount. 
Thereafter the dosage was reduced to one of 
maintenance. In selected cases therapy was 
discontinued after a time to allow the acquired 
follicular type of smear to revert to the castrate 
type in order to institute the use of other estro- 
gens. 

ANALYSIS OF RESULTS 


Of the 64 menopausal women treated 10 were 
colored and 54 were white. Menopause was 
spontaneous in 51 patients and of the artificial 
type in 13. Of the 148 courses of therapy com- 
plete relief followed in 78 (53%) and satis- 
factory therapeutic relief was obtained in 130 
(88%). The most satisfactory results followed 
therapy with 1.25 mg. twice a day. In this 
group there was a definite relative increase in 
the number having satisfactory and complete 
relief in contrast to the group receiving but 
1.25 mg. a day. Striking improvement appeared 
in the majority of the patients after one or two 
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weeks of therapy. A few patients had complete 
symptomatic relief after 12 to 15 of the 1.25 
mg. tablets, and the cornified cells in the vagin- 
al smear in these cases changed from 1 plus 
to 4 plus. A maintenance does of 1.25 mg. daily 
or every other day proved satisfactory. The 
efficacy of the drug was noted by one patient 
vho took 1.25 mg. when she ‘‘felt the hot 
lashes coming on,”’ with subsequent freedom 
‘rom vasomotor discomfort for several days. 
We noted that the androgens and estrone sul- 
‘ate together produced excellent results in 
yatients who were still menstruating. Of the 
4 patients, 31 (48%) had complete relief while 
53 (83%) had satisfactory therapeutic results. 
There were only two instances of complete 
‘ailure of the therapy. 

Two patients with menopausal depression 
were treated with estrone sulfate. One obtained 
complete relief while the other was but partially 
benefited. Each received 1.25 mg. twice a day, 
but the excellent result in the one case followed 
when treatment was started immediately after 
the onset of the depressed state; the other case 
was one of long standing depression. The dura- 
tion of psychosis may account for the imperfect 
results in this latter case (11). 

The oral therapy employed in the cases of 
senile vaginitis and kraurosis vulvae differed 
from the other modes of estrogenic therapy 
that have been previously used (12-14). The 
results in the 3 patients with senile vaginitis 
were excellent. The original doses of 1.25, 2.5 
and 3.75 mg. a day, respectively, were main- 
tained until the follicular type of vaginal smear 
was obtained. The dosages then were gradually 
decreased and finally discontinued. There were 
two patients with kraurosis vulvae. The results 
were excellent in one with an initial dosage of 
1.25 mg. a day which was gradually decreased. 
In the other cases the result was fair after but 
one course of therapy. The patient failed to 
return for further therapy. Pruritus vulvae and 
associated menopausal symptoms, when pres- 
ent in these patients, were alleviated. These 
patients have not returned and apparently are 
symptom free. The results were good in one 
and fair in 2 of 3 patients treated for pruritus 
vulvae of undetermined origin. 

In four patients with primary dysmenorrhea 
estrone sulfate was administered to inhibit 
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ovulation or to modify the activity of the 
corpus luteum. Therapy was started 21 days 
before the expected onset of menses as out- 
lined by others (9, 10). The results were good in 
two cases and poor in two. There was a recur- 
rence of symptoms with the cessation of 
therapy. 

One case of severe intermenstrual pain (mit- 
telschmerz) was treated with estrone sulfate. 
In each of the three menstrual cycles before 
treatment the patient had sufficient pain to re- 
quire bed rest. To inhibit or delay ovulation 
the daily administration of 1.25 mg. of estrone 
sulfate was started 21 days before the expected 
onset of menses. The patient missed her next 
menses and subsequently had five menstrual 
periods without pain. 

In 5 cases of primary amenorrhea on an 
ovarian basis as shown by laboratory and 
physical examinations, 1.25 to 3.75 mg. of es- 
trone sulfate was given daily for 7 to 14 days 
followed by 3 doses of parenteral progesterone. 
In each case menses followed 2 to 4 days after 
the last dose of progesterone. In one case the 
only course given has resulted to date in 5 
menstrual cycles. Treatment is being con- 
tinued in the other cases. 

In an attempt to increase libido, estrone 
sulfate was administered to 8 patients who re- 
ported marked. diminution in sexual desire. 
This estrogen in the higher dosage levels was 
found to produce good results. One of the pa- 
tients reported little effect while taking 1.25 
mg. a day but had a marked increase in libido 
when she received 1.25 mg. 3 times a day. 
There was a satisfactory increase in libido in 
4 of the treated patients. A number of patients 
who were treated with estrone sulfate for other 
complaints volunteered the information that 
libido was increased. As noted previously (15) 
positive results may be and were obtained in all 
but a few cases with androgenic therapy when 
the estrogens failed. The observation (15) that 
progesterone decreases the libido was well 
demonstrated in a patient receiving therapy for 
primary dysmenorrhea. She noted an increase 
in libido on taking estrone sulfate and a de- 
crease on receiving progesterone therapy. 

Estrone sulfate was administered to one pa- 
tient who had gonococcal vaginitis and to one 
who had acne. An 8-year-old colored girl with 
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gonorrheal vaginitis was given 1.25 mg. 3 times 
a day for 8 days with resultant negative smears 
during the next three months. Estrone sulfate 
was given in dosages of 1.25 mg. twice a day to 
a patient who complained of cyclic acne. It is 
thought that estrogens help to prevent endog- 
enous androgen from exerting its acnegenic 
effect (16). Definite improvement was noted 
in this patient after treatment. 

Side reactions. There were 20 (11%) instances 
of undesirable side reactions due to overdosage 
noted in 191 courses of therapy with estrone 
sulfate in 19 (20%) of the 95 patients. Eleven 
cases noted abnormal bleeding and 4, sore 
breasts. There was a relative increase in num- 
ber of undesirable side reactions with in- 
creased dosage. There were no reactions to the 
administration of 1.25 mg. every other day. 
The use of 1.25 mg. a day caused 5 (6%) side 
reactions in 79 courses of therapy. There were 
12 instances of side reactions, of which 9 were 
nausea in 57 courses in the group receiving 
1.25 mg. twice a day. In the group taking 1.25 
mg. 3 times a day there were 3 reactions of 
nausea in 27 courses of therapy. Of the 7 types 
of reactions noted nausea was the most fre- 
quent and occurred 14 times of which 9 were in 
the group that received 1.25 mg. twice a day. It 
is notable that 4 of these 13 patients also com- 
plained of nausea with other estrogenic therapy. 
One patient reacted with nausea to 3 of the 7 
types of estrogens administered to her. Two 
patients had a nausea reaction to all estrogens 
used, 4 types in one case and 3 in the other. The 
fourth was nauseated after the use of 2 of the 
3 estrogens administered. An itching skin erup- 
tion appeared in one patient each time she took 
the drug. Two patients complained of bloating 
and one of dizziness. Two patients complained 
of lower abdominal cramps, which had been 
noted previously as a reaction to estrogenic 
therapy (17). In 8 patients abnormal bleeding 
occurred 11 times of which 6 occurred in the 
group receiving 1.25 mg. a day. Three patients 
noted sore breasts. 


COMPARATIVE STUDIES 


For comparative study 9 other drugs were 
used in 72 courses of therapy in menopausal 
women. Satisfactory results were noted in 63 
(87%) instances while complete relief was pres- 
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ent in 17 (24%). The comparative therapeutic 
value of estrone sulfate and the other estrogens 
was noted by some of the patients and by us. 
Of the 10 patients who volunteered information 
two preferred an estrogen other than estrone 
sulfate. However, 8 patients believed estrone 
sulfate to be the best of the preparations usec 
and asked to be returned to the therapy. Ten 
different drugs were used in one case, 7 drugs 
in two, and 6 drugs in another. Thirty-four o/ 
the 64 menopausal patients tolerated estrone 
sulfate and other estrogenic drugs. In 11 (32% 
cases we considered estrone sulfate to be com 
paratively equal to and in 16 (47%) cases to be 
better than the other estrogens used. However, 
in 7 (21%) patients we considered one or more 
of the other estrogens to be more effective than 
estrone sulfate. 

There were 11 (15%) instances of undesir- 
able side reactions due to overdosage and 
5 (7%) instances of abnormal bleeding and 
sore breasts in the 72 courses of therapy. Ten 
patients complained of nausea and 4 of ab- 
normal bleeding. Sore breasts and lower ab- 
dominal cramps occurred once. It is interesting 
to note that there were 3 complaints of nausea, 
one of bleeding, and one of sore breasts after 
11 courses of therapy with stilbestrol dipalmi- 
tate. This is in contrast to the low incidence of 
reactions to stilbestrol dipalmitate previously 
reported (18). 


DISCUSSION 


The therapeutic results proved estrone sul- 
fate to be an effective estrogen. The results 
were excellent in 100 (53%) and satisfactory in 
160 (84%) of the 191 courses of therapy. In the 
final evaluation the original complaints were 
alleviated in 44 (47%) of the 95 patients and 
in 72 (80%) there was a satisfactory relief of 
symptoms. Comparable results were obtained 
in the menopausal group which was the largest. 
Our therapeutic results closely parallelled 
those of two of the clinical reports (1, 3) on 
estrone sulfate therapy in menopausal women. 
However, the results of the other two reports 
(2, 4) were better than ours. It was noted by 
others (1) that in the higher dosage levels there 
was no significant increase in the relative num- 
ber of patients who obtained satisfactory relief. 
However, a larger proportion had complete 
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Estradiol benzoate 1 mg./wk. 1 6 
Hexestrol c Phenobarb. 0.4-0.6 mg. daily eo 8 1 
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relief. We were unable to corroborate this due 
to an insufficient number of cases in the higher 
dosage levels. There was a significant relative 
increase in the number of patients with com- 
plete relief in the group receiving 1.25 mg. 
twice a day in comparison to those receiving 
1.25 mg. once a day. In the average meno- 
pausal patient the advisable initial dosage is 
125 mg. 3 times a day. After the relief of 
symptoms is attained, 1.25 mg. daily or every 
other day is an adequate maintenance dose. 
Gray (2) found that results obtained with 
estrone sulfate were comparable to those with 
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Sevringhaus and St. John (4) found that 1.25 
mg. of estrone sulfate is at least as effective as 
0.1 mg. and probably comparable to 0.3 to 0.5 
mg. of diethylstilbestrol. Moreover, 1.25 mg. 
of estrone sulfate is always at least or usually 
more potent than 2000 1.v. of estrogenic sub- 
stance and may be better than 5000 t.v. 
Based on retail prices of 1941 this new prepara- 
tion was at least as effective per dollar as the 
other estrogens. In our patients there was a 
greater sense of well being with the use of 
estrone sulfate than with stilbestrol. 

There were fewer undesirable side reactions 


T BLE 1. RESULTS OF AND REACTIONS TO COURSES OF THERAPY WITH VARIOUS ESTROGENIC DRUGS IN MENOPAUSAL PATIENTS 


Reactions 
No. .—— —_—_—_—_—_—_—————-_ No. 
of Ab- — Low. of 
Courses Nausea normal Br xe Abd. Reactions 
Bleeding °'®*S'S Cramps 
5 1 1 
14 2 1 3 
a 1 1 
6 1 1 
11 3 1 1 5 
1 
11 a 1 a 
7 
12 1 1 
72 10 4 1 1 16 








1 FE, excellent, complete to almost complete relief, G, good, 75% relief; F, fair, 50% relief; P, poor, little or no relief. 


other types of estrogenic therapy. We noted 
that, although the satisfactory results were the 
same, relatively twice as many of the patients 
receiving the estrone sulfate received complete 
relief than was the case in those receiving the 
other estrogenic drugs. The marked effective- 
ness of estrone sulfate may be due to failure of 
inactivation by the liver (5, 6). On this same 
basis, diethylstilbestrol, a synthetic nonsteroid 
compound possessing estrogenic activity, has 
been widely used for oral administration in 
spite of the discomforts of frequent side re- 
actions. The results of Freed and his co-workers 
(1) indicated that the ratio of oral effectiveness 
of estrone sulfate to diethylstilbestrol is no less 
than and probably greater than 1:2, and that 
estrone sulfate is as effective as estrone by in- 
jection. Gray (2) noted that the effect of es- 
trone sulfate is almost equivalent to that of 
oral diethylstilbestrol mg. for mg. on the basis 
of the effect on the human vaginal epithelium. 


to estrone sulfate than to the other 9 estrogens 
that we used. The incidence of undesirable side 
reactions to estrone sulfate in the combined 
previous reports (1-4) was only 8 per cent. In 
312 cases they noted 10 (3%) complaints of 
nausea. However, in our series of 191 courses 
of therapy there were 14 (7%) complaints of 
nausea in 13 (14%) of the 95 patients. Our 
incidence of nausea was much higher than that 
noted by others although the dosage levels in 
which nausea occurred were the same. The in- 
cidence of nausea rose with an increase in 
dosage. Freed, ef al. (1) found as we did that the 
threshold for bleeding was between 1.25 and 
2.5 mg. of estrone sulfate a day. Six (55%) of 
the 11 cases of abnormal bleeding in our series 
occurred in the group receiving 1.25 mg. a 
day, but the number decreased as the dosage 
increased. Moreover, undesirable side reactions 
to estrone sulfate not noted previously were 
complained of in our group. 
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In general, oral therapy with estrone sulfate 
was found to be adequate. Nevertheless there 
are occasional cases in whom the results of 
parenteral estradiol benzoate or diproprionate 
therapy could not be matched by any other 
forms of estrogen therapy. 


SUMMARY 


Estrone sulfate was administered orally to 
95 women for conditions that required estro- 
genic therapy and it ‘proved to be an effective 
estrogen. The original complaints were al- 
leviated in 44 (47%) and satisfactorily cared 
for in 72 (80%) of the patients. In the meno- 
pausal group, which was the largest, compar- 
able results were obtained. 

The incidence of undesirable side reactions 
was high. Nausea was the most common side 
reaction to estrone sulfate and occurred in 13 
(14%) of the 95 patients. 

Twice as many patients had complete relief 
from complaints using estrone sulfate than 
with the 9 other estrogens although the num- 
ber of satisfactory results were the same. 

The advisable initial dosage of estrone 
sulfate is 1.25 mg. 3 times a day. An adequate 
maintenance dosage is 1.25 mg. a day or every 
other day. In certain cases parenteral estro- 
genic therapy is advisable. 
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ciples in pregnancy urine and in extracts 

of the anterior lobe of the pituitary 
cland heralded great expectations in the ther- 
apy of ovarian failure. The responses of labo- 
ratory animals to these gonadotropins justified 
some of our early expectations. However, fur- 
ther observations in the laboratory and in the 
clinic have led to a maze of ideas and conclu- 
sions. This is particularly true in the thera- 
peutic application of the gonadotropins that 
are available for gynecologic practice. 

The lack of uniformity in the results ob- 
tained from the clinical use of gonadotropins 
is due to several factors. In the first place, the 
physiology of human reproduction is not well 
understood. Although the general principles 
underlying the endocrine control of the sex 
cycle are known, there are many defects in 
our knowledge which must be removed before 
successful therapy can be developed. 

In the second place, the clinical problem of 
ovarian failure is still a crude entity, the eti- 
ology of which may or may not be known. 
Gonadotropins should be useful in the treat- 
ment of ovarian failure that is the result of an 
inadequate pituitary stimulus. Obviously, they 
can do little when the ovary is incapable of 
pituitary stimulation. Thus, the patient for 
gonadotropic therapy is often poorly selected 
so that the results reported by many investi- 
gators are subject to a wide variety of inter- 
pretations. 

Lastly, the gonadotropic preparations until 
recently have not been satisfactory. Reactions 
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have resulted following their administration. In 
addition, considerable confusion has resulted 
from the employment of different pharmaceu- 
tical trade names for the gonadotropic prepar- 
ations without clearly indicating the source. 
Certain pharmaceutical firms still indicate a 
pituitary origin for their chorionic gonado- 
tropic preparation. Even more confusion has 
come from the fact that many different 
methods of assay are used, and as a result, the 
various ‘units’ represent marked differences in 
the actual gonadotropic activity of the prep- 
arations. However, the situation has been 
clarified considerably with the establishment 
of international units for chorionic gonado- 
tropin and for pregnant mares’ serum. 

The complexity of the problem can better 
be understood if we summarize briefly a few 
of the facts concerning the pituitary control of 
ovarian function. Three separate gonadotropic 
activities are recognized as residing in the an- 
terior lobe of the pituitary gland. The follicle- 
stimulating hormone (FSH) induces the 
growth of graafian follicles and maturation of 
the enclosed ova. A normal ovary stimulated 
by this principle will enlarge grossly as a result 
of follicle growth so that ovarian weight has 
been used as the principal basis of assay for 
FSH. In pure form, this gonadotropic prin- 
ciple alone will not cause the developing 
follicles to secrete estrogen but the initiation 
of this function apparently requires the ad- 
ditional action of the pituitary luteinizing 
factor (1, 2). 

The second gonadotropic principle in the 
anterior lobe of the pituitary is known as the 
luteinizing hormorie (LH). In conjunction with 
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FSH this fraction is responsible for estrogen 
production by the ovarian tissue, the contin- 
ued enlargement of maturing follicles which 
precedes ovulation, the rupture of mature 
follicles and the conversion of the follicle walls 
into corpora lutea. LH apparently does not 
maintain corpora lutea and luteal tissue in an 
active secretory state for the production of 
progesterone. This is the function of the third 
gonadotropic principle in the pituitary which 
has been designated as luteotropin by Ast- 
wood (3) and identified as the lactogenic factor 
by Evans and co-workers (4, 5). These pitui- 
tary factors have been designated by various 
names; the ones used in this report were the 
first applied to them and they have enjoyed 
the widest acceptance. 

The pituitary hormones are complex pro- 
tein substances and have not reached the same 
stage of isolation and purification as have the 
steroid gonadol factors, although much prog- 
ress has been made. The present status of 
this work is excellently summarized in the 
recent Conference on Protein Hormones of 
the Pituitary Body under the auspices of the 
New York Academy of Sciences (6). Thus far, 
these gonadotropic factors from the pituitary 
gland have not been available for extensive 
clinical study. Pituitary preparations have 
been introduced from time to time but these 
have proved ineffective in clinical therapy 
either as a result of their lack of potency or 
because they induced serious undesirable re- 
actions. 

The discovery of Aschheim and Zondek (7) 
in 1927 of a gonadotropic principle in preg- 
nancy urine led to the widespread clinical use 
of extracts prepared from this source. Subse- 
quent work demonstrated that this gonado- 
tropin is of placental and not of pituitary origin 
(8) and it was designated as chorionic gonado- 
tropin. In 1930, Cole and Hart (9) described 
a gonadotropic principle in the blood serum 
of the pregnant mare. Unlike chorionic gon- 
adotropin, this equine gonadotropin resembles 
in its action the gonad-stimulating factors ob- 
tained from the anterior lobe of the pituitary. 
These properties have provided the impetus 
for recent clinical investigation. 

Chorionic gonadotropin (APL). The gonad- 
otropic substance obtained from the urine of 
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pregnant women was first shown by Asch- 
heim and Zondek (7) to have a stimulating 
effect on the ovaries of immature rats and mice. 
Since this discovery a number of investigators 
have utilized this substance in an attempt to 
stimulate the ovaries of primates. The ready 
availability of the source of this gonadotropin, 
the development of preparations without local 
or general reactions, and the early miscon- 
ception that the substance was of pituitary 
origin, served to stimulate extensive exper- 
imental and therapeutic trial. 

However, the early results of Novak and 


Kun (10), Engle (11), Marshall (12), Hart- | 
man (13), Johnson (14), and of others, with | 


the monkey, as well as the results of Camp- 
bell (15), Geist (16), Westman (17), Hamblen 
(18), and others with the human being, clearly 
demonstrate that chorionic gonadotropin is 
without power to stimulate the development 


of graafian follicles or to produce maturation | 


and liberation of the ova in primates. Instead 
of a ‘stimulating’ effect, the large follicles be- 
come atretic while smaller follicles become 
hyalinized, concomitant with decreased ovar- 
ian secretion. Brown, Bradbury and Metzger 
recently have shown that prolonged treatment 
with chorionic gonadotropin of women having 
normal menstrual cycles leads to atrophy of 
the endometrium (19). 

As was so timely brought out in the report 
of the Council on Pharmacy and Chemistry, 
in 1940 (20), there is little evidence to support 
the therapeutic value of chorionic gonado- 
tropin, by itself, in gynecology. However, a 
number of investigators maintain this sub- 
stance is of proved value in functional metror- 
rhagia (21-23). 

Equine gonadotropin (PMS). The gonado- 
tropic substance obtained from the blood 
serum of the mare during pregnancy shows 
physiological activity similar to the gonado- 
tropic effect of the anterior lobe of the pitui- 
tary. It is capable of inducing follicular de- 
velopment, ovulation and corpus luteum for- 
mation in hypophysectomized animals. 
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The separation of pregnant mares’ serum in- ] 
to FSH and LH fractions has been reported | 


(24, 25). However, Li, Evans and Wonder (26) 
have preparations reaching the degree of pu- 
rity as to be electrophoretically homogenous 
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and which show no indication of fractionation, 
but retain the same physiological character as 
the original serum. On the other hand, evi- 
dence in favor of separate gonadotropic fac- 
tors in pregnant mares’ serum comes from the 
work of Kupperman, Meyer and McShan (27) 
who have produced an antiserum against sheep 
pituitary FSH which will inhibit the follicule- 
stimulating factor of the injected mares’ serum 
without affecting the action of the luteinizing 
factor. 

From the standpoint of purity, equine 
gonadotropin is more satisfactory than an- 
terior pituitary preparations since its activity 
is limited to the gonads whereas many pi- 
tuitary preparations contain other tropic fac- 
tors which involve other glands of the body. 
Equine gonadotropin is of particular biological 
interest because of its slow metabolism in the 
body and because of its failure to be excreted 
by the kidneys. Thus, unlike pituitary gland 
preparations, it remains in the blood stream 
at relatively higher concentrations. 

Some workers feel that the gonadotropin in 
pregnant mares’ serum is of placental origin 
and therefore is not a pituitary gonadotropin. 
This view is not held by others. It has been 
demonstrated in the blood serum of the mare 
before placentation has occurred (Hellbaum, 
unpublished). Its biological action is similar 
to that of augmented anterior pituitary gon- 
adotropin such as would occur if a pituitary 
preparation was administered simultaneously 
with blood or heme. 

Westman (28) in 1937 observed that equine 
gonadotropin stimulated follicular develop- 
ment and if a sufficient amount was admin- 
istered, the follicles would become cystic but 
corpora lutea could not be produced. Davis 
and Koff (29), in 1938, reported that pregnant 
mares’ serum was sufficiently pure that it 
could be administered intramuscularly and 
intravenously in the human being without 
local or general reactions. They were able to 
produce follicle growth and ovulation in 
women who had normal ovarian function. 
They pointed out that the result depends on 
many factors, such as the amount of gonado- 
tropin, the time of the cycle, and the route by 
which it is administered. 

Siegler (30) has reported on the clinical use 
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of equine gonadotropin in the treatment of 
ovarian failure of various grades. He has been 
able to produce ovulation in women who have 
had histories of anovulatory menstrual cycles; 
some of these patients conceived during 
therapy. 

Hartman (31, 32) used pregnant mares’ 
serum in 104 experiments upon monkeys pre- 
sumably not ovulating spontaneously and of 
apparent low fertility. In 16 animals he ob- 
tained over-stimulation of granulosa elements, 
whereas in 32 instances the animals did not 
respond at all. In summary he states that “in 
only 7 unequivocal cases ovulation may rightly 
be attributed to the injections.” 

A series of 33 patients, which according to 
endometrial biopsies showed abnormal ovar- 
ian secretion, were treated with pregnant 
mares’ serum by Gray (33). Of 11 patients with 
secondary amenorrhea treated from 1 to 16 
months with a total of 30 to 710 1.u., 7 men- 
struated regularly and 4 of these developed a 
premenstrual secretory endometrium. Two of 
the patients were insufficiently treated and 2 
were refractory to treatment. Beneficial results 
were questionable in a series of patients with 
metrorrhagia in which both secretory and non- 
secretory types of endometrium were present. 

Another series of 48 patients with sterility, 
dysfunctional bleeding and amenorrhea were 
treated by Irving, Sears and Rock (34) with 
pregnant mares’ serum. According to endo- 
metrial biopsies, 16 of the patients were not 
ovulating prior to therapy. Twelve of these 
were again biopsied following treatment. In 
no case was there definite evidence that this 
type of treatment had stimulated ovulation. 

Brewer, Jones and Skiles (35) injected 24 
patients at various times of the cycle with 
total doses of 600 to 5000 Cole-Saunders units 
of pregnant mares’ serum (approximately 60- 
500 Cartland-Nelson units.) Single intramuscu- 
lar injections were made at times varying from 
17 to 312 hours before operation. No intrave- 
nous injections were made. The ovaries of all of 
these patients were inspected at laparotomy. 
This therapy failed to induce ovulation in 22 of 
the 24 patients. The ovaries of the remaining 
two patients contained corpora lutea and the 
endometrium in these was of the secretory 
type; however, they were examined on the 
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18th to the 2ist day of the cycle when such a 
condition might have been expected normally. 

Regular menstruation was induced by 
Kenny and Daley (36) in 3 or 4 patients with 
metropathia hemorrhagica by the intravenous 
injection of 500 vu of pregnant mares’ serum. 
Ovulation occurred in 2 of the 4 cases, as shown 
by endometrial biopsies. 

Griffith and McBride (37) induced ovu- 
lation in 7 of 8 patients with anovulatory 
cycles as evidenced by endometrial biopsies 
taken before and after treatment with preg- 
nant mares’ serum. Total doses of 800 to 1200 
I.U. were administered in 2 successive doses 
from the 9th to the 14th day of the cycle. 

The present status of equine gonadotropin 
in clinical practice is far from clear. The many 
conflicting reports in the literature indicate 
the lack of uniformity in the results obtained. 
There is no agreement as to the optimum dos- 
age, the method of administration, or the time 
relationship. Laboratory data are in agreement 
that pregnant mares’ serum is the best avail- 
able gonadotropin but its application to gyn- 
ecologic therapy has thus far been disappoint- 
ing. It will take a great many more clinical 
observations conducted with the greatest of 
care to ascertain its place in gynecology. 

Anterior pituitary preparations (AP). Since 
the proper functioning of the ovary is depend- 
ent upon the integrity of the anterior hypoph- 
ysis, gonadotropins prepared from pituitary 
glands should logically be the preferred thera- 
peutic substance for certain ovarian dysfunc- 
tions. 

That the primate ovary is responsive to the 
administration of anterior hypophyseal prep- 
arations was established early in the investi- 
gations concerning pituitary-gonadal relation- 
ships. Following treatment, the ovaries in- 
creased in size and numerous large follicles 
developed. Allen (38), in 1928, stimulated the 
ovaries and genital tract of an immature 
female rhesus monkey by implanting the an- 
terior lobe from 3 other female monkeys. 
Hartman (39), two years later, implanted 
fresh crushed pituitaries from two adult cas- 
trated pigs every day for 4 successive days into 
an adult female monkey. Nine days after the 
first hog pituitaries were implanted, the 
ovaries were “found to be enormous, and the 


Volume 3 


entire surface studded with graafian follicles 
3 to 4 mm. in diameter.” 

Alkaline hypophyseal extracts were first 
used by Courrier, ef al. in 1929 (40). Hisaw, 
Fevold and Leonard (41) in 1931 injected 
aqueous pyridine extracts of pituitary into 
immature monkeys and induced ovarian 
weight increment, as much as 1800 per cent. 
This increase was due to the development of a 
large number of follicles. No corpora lutea 
were produced by this procedure. Similar 
results were obtained in a more extensive 
series by Engle (42), also using extracts of 
anterior pituitary glands. 

Although the above investigators were un- 
able to induce luteinization, Hisaw, ef al. in 
1932 (43), demonstrated that follicles de- 
veloped in the ovaries of immature monkeys 
by subcutaneous injections of unfractionated 
pituitary could be luteinized by administering 
the same preparation intravenously. However, 
subsequent work with the unfractionated pi- 
tuitary preparations has shown that the results 
of this procedure have not been consistent. In 
fact, the majority of attempts have been un- 
successful. Hisaw believed that the failures 
were due to the improper balance of the FSH 
and LH in the mixture used for the intravenous 
injections. Much better results have been ob- 
tained with the use of the separated fractions. 
The development of the graafian follicles is 
induced by a fractionated follicle-stimulating 
substance (FSH) while ovulation 2~d lutein- 
ization is brought about by the intravenous 
administration of the luteinizing factor (LH). 

Stéckl (44), administered 200 to 400 M.v. 
of anterior pituitary extract to 3 human sub- 
jects and observed evidences of stimulation 
in the form of hemorrhagic follicles in the 
ovary, hyperemia of the pelvic organs and 
endometrial changes. However, Hamblen (45), 
in 1939, obtained no significant ovarian changes 
in 7 patients following the administration of 
100 to 360 R.v. of anterior pituitary extract. 
Campbell and Sevringhaus (46), reported that 
women exhibiting primary and _ secondary 
amenorrhea, menorrhagia with irregularity of 
cycles, as well as sterility responded favorably 
to extracts prepared from the anterior lobe of 
pituitary glands and pregnant mares’ serum. 
The last authors used endometrial biopsies, 
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vaginal smears and pregnanediol determi- 
nations as laboratory aids in the diagnosis and 
in following the treatment of these cases. 

In the use of the pituitary gonadotropic 
fractions in the human being, laboratory ex- 
periments provide pertinent information. A 
quantitative relationship exists between the 
gonadotropic pituitary factors. This relation- 
ship is well exemplified by a series of exper- 
iments reported by Foster and collaborators 
in the production of artificial ovulation in 
hypophysectomized immature rabbits and 
cats (47-49). They found that the most 
efficient procedure to produce ovulation and 
the release of the ova was to develop the fol- 
licles by subcutaneous injections of purified 
FSH followed by the intravenous administra- 
tion of a mixture of FSH and LH. In stimulat- 
ing follicular growth, the authors found that 
the greater the concentration of luteinizing 
principle present in the FSH preparation, the 
more difficult it was to induce the subsequent 
rupture of the follicle. Ovulation never oc- 
curred when the follicle was developed by ad- 
ministering FSH together with high concen- 
trations of LH. Furthermore, ovulation could 
not be brought about if the follicular stimula- 
tion was permitted to go beyond the stage 
comparable to that normally present when the 
follicle ruptures. 

After the follicle had reached the proper 
stage of maturation under the influence of 
FSH administered subcutaneously, ovulation 
could be induced by the intravenous injection 
of (a) FSH, (6) LH, and (c) combination of 
FSH and LH. However, the minimum amount 
of FSH required to produce ovulation was 
much less when given with a small amount of 
LH than when administered by itself. In like 
manner, only a small fraction of LH (1/500) 
was required to produce ovulation when in- 
jected in combination with FSH as compared to 
the minimal amount necessary when LH was 
administered alone. 

These quantitative relationships which are 
so important in animal experiments will have 
to be worked out with great care in the human 
subject. Our indecisive results in the past may 
well be due to our failure to appreciate some of 
these facts. When pituitary gonadotropic pre- 
parations become available for extensive clin- 
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ical trial, their use will do much to further our 
understanding of human ovarian physiology, 
and possibly lead to effective therapeutic tools. 

Combination of chorionic gonadotropin and 
anterior pituitary extract or pregnant mares’ 
serum. Although the gonadotropin obtained 
from the urine of pregnant women has defi- 
nitely been shown to be incapable of stimulating 
follicular growth except in rodents, and then 
only in the presence of the hypophysis, its 
clinical use is justified by some who claim for 
it a luteinizing capacity. For this effect the 
chorionic gonadotropin is administered after 
follicular maturation has occurred under the 
stimulating influence of anterior pituitary ex- 
tract or pregnant mare’s serum. 

Attempts have also been made to admin- 
ister chorionic gonadotropin simultaneously 
or concurrently with anterior pituitary extract 
or pregnant mares’ serum, utilizing the con- 
cept of an augmented or synergistic reaction 
between these gonadotropins. The augmen- 
tation reaction, in which chorionic gonado- 
tropin injected simultaneously with anterior 
pituitary extract enhances or markedly in- 
creases the effect of the latter, has so far been 
demonstrated only in rodents. The interaction 
of the chorionic gonadotropin with anterior 
pituitary is not the same as, and should not be 
confused with, the augmentation reaction of 
pituitary FSH and LH fractions. 

Other non-specific porphyrin-containing 
substances as heme, chlorophyl, yeast and 
casein, as well as copper, zinc and merthiolate 
also enhance the action of pituitary gonado- 
tropin. But the augmenting effect of these 
latter substances, like that of the chorionic 
gonadotropin, appears to be demonstrable 
only in rodents. The gonadotropic action of 
equine gonadotropin, unlike anterior pituitary 
extract is not augmented by the chorionic 
gonadotropin nor by any of the other non- 
specific augmenting substances, even in ro- 
dents. Pregnant mares’ serum appears to be 
a complex in which the contained factors repre- 
sent a ‘satisfied’ augmented reaction. 

Mazer and Ravits (50) studied the effect of 
the combination of chorionic gonadotropin 
with anterior pituitary extract in a series of 
23 women for periods of 1 to 18 days before 
laparotomy. Total amounts of 75 to 315 
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‘synergy units’ were injected and definite stim- 
ulation of the ovaries resulted in 20 of the 23 
subjects. The ovaries of 3 regularly menstru- 
ating women were over-stimulated, for they 
measured 8 to 10 cm. in diameter and were 
studded with numerous hemorrhagic follicles. 
Microscopic examination of the ovaries from 16 
treated patients showed multiple aberrant cor- 
pora lutea in some of the younger patients and 
hemorrhagic follicles with luteinized granulosa 
layers in the others. However, Geist, Gaines 
and Salmon (51) felt that the amount of stimu- 
lation from the combined chorionic and pitui- 
tary gonadotropins was no greater than that 
obtained when the pituitary extracts were in- 
jected alone. Likewise, the histological changes 
following the combination were similar to those 
seen after the administration of anterior pitui- 
tary extract alone. 

Laboratory experiments indicate that the 
administration of the chorionic gonadotropin 
after the follicles in the ovary have reached an 
ovulatory size is a more rational procedure 
than the simultaneous injection of chorionic 
and follicle-stimulating gonadotropin. The 
subcutaneous administration of unfractioned 
anterior pituitary extract and pregnant mares’ 
serum to primates leads to the development 
of graafian follicles but no luteinization occurs. 
Engle and Hamburger (52), produced corpora 
lutea in the ovaries of monkeys by injecting 
the gonadotropin from pregnancy urine follow- 
ing the administration of anterior pituitary 
extract or pregnant mares’ serum. 

Hamblen and co-workers (53) also employed 
a one-two procedure consisting of the injection 
of 400 1.u. of equine gonadotropin daily for 
10 days, followed by 300 1.v. of chorionic 
gonadotropin daily for 10 days. The first in- 
jection was made on the day following the 
last day of bleeding. Endometrial data were 
sufficient to permit evaluation in 29 patients 
and of these, 15 showed progestational re- 
sponses. Three of the 7 classified as negative, 
subsequently developed progestational re- 
sponses. Pregnancies occurred during or im- 
mediately following treatment in 3 of the 15 
patients in whom progestational reactions 
were obtained. 

The most promising clinical report on the 
combined use of chorionic gonadotropin and 
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pregnant mares’ serum has just been published 
by Rydberg and Pederson-Bjergaard (54). 
They were able to correct most cases of sec- 
ondary amenorrhea temporarily or perma- 
nently by the intramuscular injection of 3000 
I.U. of pregnant mares’ serum daily for 5 con- 
secutive days, followed by 1500 1.v. of chor- 
ionic gonadotropin every day for 3 days. 
Menstruation occurred about 10 days after 
the last injection. Their work was controlled 
by endometrial biopsies and hormonal assays. 
In at least one case, the authors reported huge 
enlargements of both ovaries as a result of 
lutein cysts. These interesting results should 
await confirmation in other laboratories. 


DISCUSSION 


The brief reviews of the action of various 
gonadotropins emphasize the fact that gonado- 
tropic therapy is thoroughly unsatisfactory in 
our present state of knowledge. Their appli- 
cation to a variety of clinical conditions by a 
host of investigators has yielded diverse re- 
sults. This lack of uniformity is due to several 
factors. In the first place, the preparations 
that have been available have varied in po- 
tency as well as in the type of response induced 
in the ovary. Chorionic gonadotropin does not 
affect the human ovary so that it is probably 
of no value in gynecologic therapy. It is pos- 
sible that it may serve some function when 
combined with other gonadotropins but this 
still has to be confirmed by additional obser- 
vations. 

Equine gonadotropin resembles in its action 
anterior pituitary lobe preparations but it has 
not proved a panacea. It will augment normal 
ovarian responses in the human ovary but it 
probably will not initiate ovarian activity. 
Thus, it has not yielded the clinical results that 
were expected of it when it was first introduced 
into therapy. It is the most purified of all of 
the gonadotropins but clinical results have 
been less promising than those achieved in the 
laboratory. Its place in clinical therapy is still 
debatable. 

The anterior pituitary lobe preparations 
offer the greatest possibility for the future. 
Potent preparations have recently been pre- 
pared in individual research laboratories which 
will produce tremendous changes in the human 
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ovary. It has been possible to increase the 


| gross size of human ovaries 10 to 20-fold in a 


period of 12 days. Tremendous proliferative 
changes can be induced in these ovaries result- 
ing in huge follicles and follicle cysts (Davis 
and Hellbaum, unreported).! However, these 
changes have passed beyond the physiologic 
into pathologic states. Better control in the 
administration of these factors yields results 
comparable to those occurring normally. 

The clinical evaluation of gonadotropic 
therapy is difficult. The ideal method used in 
the laboratory of injecting gonadotropins into 


_ hvpophysectomized rats is obviously not fea- 


sible. In the human female the direct inspection 
of the ovaries after therapy offers the soundest 
method of appraisal. This, again, is impossible 
in most instances and we have to rely on in- 
direct evidences of ovarian stimulation. These 
consist of endometrial biopsies, vaginal smears 
and hormonal titers of blood and urine. Long 
continued observations may reveal changes in 
the genital system as well as gross changes in 
the skeletal system. All of these findings are 
the result of ovarian activity, theoretically 
induced by the gonadotropic therapy. These 
observations are colored by two important 
facts. First, the intact pituitary gland pre- 
sumably continues to play a réle. Secondly, we 
cannot accurately evaluate the state of the 
ovaries prior to the institution of treatment. 
Changes ascribed to gonadotropic therapy are 
often the result of the existing pituitary- 


| gonadal activity. 


Gynecologists and endocrinologists have not 
clarified the clinical entity of pituitary-gonad- 
otropic failure. It is impossible to provide 
rational therapy in any condition where the 
etiology is unknown. Menstrual irregularities 


} of young women, usually classified as func- 


tional bleeding, have been treated by gonado- 
tropins with varying success. Every clinician 
is aware of the fact that thyroid therapy is 
much more efficacious in many of these than is 
the use of gonadotropins. It could be argued 
that the thyroid gland is intimately associated 
with the pituitary-gonadal relationship but 
our present day methods do not reveal pitui- 





1 Pituitary extracts furnished through the courtesy of 
R. K. Meyer and W. H. McShan of the University of 
Wisconsin, 
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tary failure. Progesterone will cure a number 
of these patients. Furthermore, many women 
with irregular bleeding will revert to a normal 
menstrual pattern without therapy. We do not 
know the cause of functional bleeding so that 
gonadotropic therapy is illogical at the present 
time. 

Primary amenorrhea is a much more clean- 
cut entity than functional bleeding. However, 
it is not always possible to place the blame on 
the anterior lobe of the pituitary or on the 
gonads. In many instances the gonads will not 
respond to pituitary stimulation. Such a con- 
dition probably exists physiologically in the 
post-menopausal period. Gonadotropic ther- 
apy is not indicated in women who have amen- 
orrhea because of primary ovarian failure. 

Other refractory conditions may be a mani- 
festation of ‘physiological exhaustion’ as a re- 
sult of over-stimulation, or may be due to 
anti-hormone formation. That there is marked 
individual variation in the refractoriness of 
ovaries is borne out by clinical and laboratory 
findings that some individuals will not respond 
to ovarian stimulation regardless of dosage. 
Hisaw, Hertz and Fevold (55) injected 7 
juvenile and 4 adult female macacque monkeys 
with sheep pituitary extract. During the first 
10 days of treatment the ovaries enlarged as 
much as 5-fold, but by the 20th day they had 
receded to approximately normal size, and 
although the injections were continued in some 
cases as long as 51 days, the ovaries would not 
respond to further stimulation. The adult 
animals had a return of the normal menstrual 
flow within 30 to 60 days and were responsive 
to subsequent pituitary administration. On the 
other hand, the ovaries of the juvenile monkeys 
did not respond to subsequent courses of pi- 
tuitary injections even though a number of 
weeks had intervened between injections. 

Casida and Meyer, (personal communica- 
tion), administered anterior pituitary extract 
and pregnant mares’ serum to sheep at differ- 
ent times in the cycle and found that the 
ovaries of these animals were decidedly more 
difficult to stimulate in the luteal phase of the 
cycle. These investigators also induced ovula- 
tion artificially through the use of gonado- 
tropins and found that the ova released in this 
manner during the luteal phase were relatively 
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incapable of fertilization as compared with ova 
similarly liberated during the follicular phase 
of the cycle. 

Age and the general physical condition of 
the individual may have a marked influence 
on the response of the ovaries to an injected 
gonadotropin. Watson, Smith and Kurzrok 
(56) noted that this responsiveness decreased 
with the age of the patient. They were able to 
obtain only slight stimulation in the fourth 
decade of life, whereas in the fifth decade and 
beyond they were unable to induce any re- 
action. Waldeyer (57) found that ovaries of 
women in the menopause would not respond to 
treatment with pregnant mares’ serum. We have 
observed that the ovaries of women during 
pregnancy and immediately postpartum are 
relatively refractory to stimulation even 
though, in some cases, massive doses of gonad- 
otropic substances were employed. 

The present state of our knowledge pre- 
supposes a very accurately correlated pitui- 
tary-ovarian relationship which is dependent 
on the interaction of three gonadotropic hor- 
mones and two ovarian hormones. The rdle 
of each is carefully timed to fit into the en- 
docrinal mechanism that controls reproduc- 
tion. Simple substitution therapy may suffice 
for most gland failures. Thus, thyroid extract 
replaces thyroid activity and adrenal cortical 
extracts, adrenal activity. In the same way 
ovarian failure can be corrected by the simple 
expedient of substitution. Estrogens can and 
do replace follicular activity and progesterone 
replaces the luteal secretory activity. We have 
accomplished as much in the therapy of ovar- 
ian failure as in other glandular conditions. 
Our clinical aim, however, is not substitution. 
What we hope to accomplish by gonadotropins 
is the correction of certain ovarian failures at 
their source. A more rational clinical approach 
to the therapy of thyroid failure or pancreatic 
failure might likewise be through the pituitary 
gland. This therapeutic problem becomes ex- 
ceedingly complicated for the pituitary con- 
trol of the ovary is still incompletely under- 
stood. 

Gynecologic conditions such as irregular or 
functional bleeding, amenorrhea and failure 
of ovulation are simply the expressions of a 
disordered _pituitary-gonadal __ relationship. 


M. EDWARD DAVIS AND ARTHUR A. HELLBAUM 
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These clinical entities may arise as a result o/ 
the failure of only part of the endocrinal mech- 
anism which controls reproduction. Thus, th« 
absence of ovulation and the associated irregu 
lar menstrual pattern may be the result of an 
insufficient LH or luteotropic stimulus. Therapy 
with the whole pituitary gland extract may 
yield no consistent result. On the other hand, 
primary amenorrhea may be the clinical ex- 
pression of an ineffective FSH stimulation on 
the part of the pituitary gland. These gonado- 
tropic activities must be properly balanced and 
properly timed to provide the codrdination 
necessary for the normal reproductive cycle. 

The importance of proper timing in the co- 
ordination of the endocrinal cycle has been 
demonstrated in the laboratory many times 
Clinically, we have many examples of failures. 
The retention of luteal secretory activity in 
the cystic development of the corpus luteum 
may result in a failure of menstruation to take 
place. The amenorrhea may persist for several 
weeks and longer. The development of numer- 
ous atretic follicles may increase estrogens suf- 
ficiently to prevent ovulation and cause irregu- 
lar bleeding. These examples of irregularities 
of ovarian function and their pituitary effects 
serve to emphasize the close correlation be- 
tween these two important glands. 

Successful gonadotropic therapy must await 
the elaboration of pure gonadotropic princi- 
ples from the anterior lobe of the pituitary. 
Their efficacy and réle in the control of the 
human ovary must be confirmed by the demon- 
stration of physiologic as well as histologic 
changes. It should be possible by proper dosage 
and proper timing of the administration of the 
several gonadotropic components to reproduce 
all of the normal cyclical changes in the human 
ovary. When this is accomplished, we will be 
on the threshold of successful gynecologic 
therapy and will have opened a new chapter 
in glandular therapy for we will have moved 
on from substitution for gland failure to the 
correction of that failure by a normal physi- 
ologic mechanism. 
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CHEMOTHERAPY IN HYPERTHYROIDISM 


LTHOUGH substitution therapy in the field 
A internal secretions has advanced rap- 
idly in recent years, clinical endocrinol- 
ogists have long wished for a technique which 
would permit controlled reduction in the activity 
of the endocrine glands. In this vein, many arti- 
cles have appeared commenting upon the possible 
use of immune bodies and so-called ‘anti-hor- 
mone’ preparations. Some actually have been 
tried clinically with a certain degree of success, 
and, as later events showed, with a certain de- 
gree of danger. 

A generation ago, Abderhalden! and his school 
were interested in specific organ-immunity. Ab- 
derhalden’s reaction was based upon the hy- 
pothesis that the mammalian organism, in react- 
ing to the presence of foreign proteins, provides 
a special mechanism for their destruction by 
proteolysis. He studied the thyroid, among other 
tissues, and found that normal animals, appro- 
priately immunized, would produce enzymes di- 
gesting thyroid material, whereas thyroidec- 
tomized animals would not produce such a potent 
serum. This work, as yet, has led to no practical 
clinical therapy in thyroid disease. 

In the past year a somewhat different approach 
to the question has been made by Astwood? 
along chemotherapeutic lines. This attack grew 
out of the finding by the Mackenzies and Mc- 
Collum*® that the prolonged administration of 
sulfaguanidine to rats would produce hyperplasia 
of the thyroid. Such goitrogenic effects could be 
prevented, not by administering iodide as might 
be presumed at first, but by giving appropriate 
doses of thyroxine. This fact in itself is highly 
significant on physiological grounds, because 
various investigations on the thyro-pituitary axis 
had hitherto failed to discriminate sharply be- 
tween the effects of iodide and of thyroxine, re- 
spectively. The striking features of the present 
investigations are that a) the thyroid becomes re- 
markably hyperplastic; but nevertheless, 5) it 


1 ABDERHALDEN, E. AND E. WERTHEIMER: Fortgesetzte 
Studien iiber das Wesen der sogennanten Abderhaldenschen 
Reaktion. Fermentforschung 6: 263. 1923. 

2 Astwoop, E. B.: Treatment of hyperthyroidism with 
thiourea and thiouracil. J. Am. Med. Assoc. 122: 78. 1943. 

3 MACKENZIE, J. B., C. G. MACKENZIE AND FE. V. Mc- 
Cottum: The effect of sulfanilylguanidine on the thyroid of 
the rat. Science 94: 518. 1941. 


fails to excrete enough hormone to prevent thie 
approach of myxedema. 

These findings might reasonably be explained 
upon the basis that the synthesis or elaboration 
of thyroid hormone is remarkably inhibited with- 
in the gland itself. Despite the appropriate re- 
sponse of the pituitary to this abnormal situa- 
tion, and despite the anatomical response of the 
thyroid itself to such increased thyrotropic secre- 
tion, the production of the hormone is checked 
in one of its final stages. Possibly the poisoning 
of an enzyme system concerned with the syn- 
thesis of thyroxine is the explanation. At any 
rate, more experimental work along this line is 
indicated. 

Already considerable work on the goiter in- 
duced by chronic thiocyanate therapy given for 
hypertension had indicated that the specific me- 
tabolism of the thyroid could be interfered with. 
Studies by Barker,* by Means,* by O’Hare® and 
their respective associates had shown that 
marked thyroid hyperplasia could occur in a pa- 
tient who presented definite evidence of hypo- 
thyroidism. This evidence involved not only 
characteristic pre-myxedematous findings and 
lowered basal oxygen consumption but also a 
reduction of the protein-bound or ‘hormonal’ io- 
dine to definitely hypothyroid levels. The work 
on thiocyanates and sulfonamides was extended 
by Richter and Clisby’ and by Kennedy® to 
thiourea derivatives. Histological examination of 
the thyroids showed the follicles to be very small, 
irregular in shape and devoid of colloid. The fol- 
licular cells were high columnar in shape, with 
large round nuclei and frequent mitoses. After 
prolonged administration of the drug, the fol- 
licular cells were seen to fill almost completely the 
lumen of the follicles. These observations have 


4Watp, M. H., H. A. LinpBerG AND M. H. Barker: 
The toxic manifestations of the thiocyanates. J. Am. Med. 
Assoc. 112: 1120. 1939. 

5 Means, J. H. AND R. RAwson: Personal communica- 
tion. 

6 Roprnson, R. W. Anp J. P. O’HareE: Further experi- 
ences with potassium sulfocyanate therapy in hypertension. 
New England J. Med. 221: 964. 1939. 

7 RicuTER, C. P. anp K. H. Crissy: Toxic effects of the 
bitter-tasting phenylthio carbamide. Arch. Path. 33: 46. 
1942. 

8 KENNEDY, T. H.: Thioureas as goitrogenic substances. 
Nature 150: 233. 1942. 
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been furthered by Astwood in two important 
respects. 

Astwood’s? first contribution has been to study 
in animals a series of over one hundred com- 
pounds in order to select those with maximal 
therapeutic index, 7.e., with high effectiveness 
and low toxicity. Among the sulfur-containing 
compounds found to be useful were 2-thiouracil, 
2-thiobarbituric acid, and diethyl thiourea. Thi- 
ourea and thiouracil seem to be the most promis- 
ing among these. Less active was a group of sub- 
stances including the common sulfonamides and 
certain aniline derivatives such as p-aminoben- 
zoic acid. Parenthetically, it is not clear why 
p-aminobenzoic acid should have the same effect 
as sulfanilamide, because the two substances pre- 
sent mutually opposing effects in a bacteriostatic 
sense. 

Astwood’s second contribution has been to ap- 
ply these substances in actual clinical cases. At 
the present writing only 3 cases are published in 
sufficient detail to be evaluated. In all three, 
however, the therapy was strikingly effective. 
The basal metabolic rate fell, body weight rose, 
blood cholesterol concentration increased, and, 
most important of all, the clinical symptomatol- 
ogy of hyperthyroidism abated. 

One of these cases developed granulocytopenia 
of marked degree. If one-third of a long series of 
cases were to show this untoward phenomendén, 
this finding probably would preclude this chemo- 
therapeutic approach. Therefore, many more 
cases must be treated cautiously before the clin- 
ical applicability of these studies can be evalu- 
ated. 

A favorable feature of the therapy is its re- 
versibility. In a chemical sense, the thiouracil 
anesthetizes, as it were, the thyroxine-elabora- 
ing mechanism. When this ‘anesthesia’ wears off, 
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thyroid hormone is again excreted into the blood 
stream. The meager facts now available suggest 
that by lightening or deepening the thyroidal 
‘anesthesia,’ varying, intergradated degrees of 
glandular activity may be chosen selectively. 

It is probably naive to consider this mechanism 
as strictly a thyrotropic phenomenon. Doubtless 
the same or related enzyme systems in other tis- 
sue cells are influenced as well. Perhaps the effect 
of lower concentrations of the drug is more criti- 
cal in the thyroid than in other organs. Perhaps, 
also the same poison which prevents the elabora- 
tion of thyroid hormone by the gland also pre- 
vents its participating in general protoplasmic 
reactions throughout the body. In particular, 
studies on enzymes concerned with oxidation and 
reduction would be interesting. 

Obviously much work, both on mechanism 
and on clinical application, remains to be done 
before physicians generally can accept these 
drugs as routine therapeutic agents. Further 
careful trial under controlled clinical conditions 
is particularly indicated. Even if contraindicated 
for routine use because of the hematopoietic 
danger, this therapy might still be desirable in 
those cases which present a considerable surgical 
risk. Although especially desirable in the milder 
recurrent cases, the drug should not be employed 
extensively until the hazard of agranulocytosis is 
better known. Other drugs, e.g., the sulfonamides, 
are used despite the danger because the net gain 
is so apparent in contrast to the slight risk in- 
volved. In hyperthyroidism, however, modern 
surgery has set a mark which will not be easily 
exceeded. Furthermore, radioactive iodide is now 
under trial as an inhibitor of thyroid hyperplasia 
in hyperthroidism, and in the hands of some ap- 


pears to offer great promise. 
W.TS. 


THE RELATION BETWEEN THE PITUITARY THYROTROPIC 


HORMONE AND GROWTH 


VER since the elucidation of the relation- 
H ship between the anterior pituitary and 
acromegaly the fact that this gland has a 
marked influence upon the growth processes has 
been well recognized. Much of this influence is 
mediated by the hypophyseal growth hormone 
and the failure of growth following destruction 
of the hypophysis has been ascribed in cor- 
responding degree to deprivation of that hor- 
mone. But, as shown by Hammmett' and numerous 
1 HamMet, F. S.: Am. J. Physiol. 63: 218. 1923. 


other investigators, thyroidectomy also results 
in growth deficiency and this can be corrected 
by the administration of thyroid hormone. 
How the thyroid hormone influences growth 
has not yet been adequately determined. The 
central question is whether or to what extent 
the effect is mediated on the various physiological 
functions directly or by a stimulating influence 
of thyroxin on the anterior pituitary. The latter 
might thus be caused more actively to secrete 
not only growth hormone but also other gland- 
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controlling hormones which would additively 
augment the anabolic processes. To whatever 
extent and by whatever system of mediaticn 
thyroxin promotes growth, the thyrotropic hor- 
mone, by which thyroid secretion is promote 1, 
would be expected to play a significant rdle. 

The relationship of the thyrotropic hormone 
to growth has recently been studied by Elijah 
and Turner’ of the Missouri Agricultural Experi- 
ment Station. Their method was to make com- 
parative assays of the thyrotropic content of the 
pituitaries of swine in relationship to age, weight, 
sex, type and ability to gain weight under 
standardized conditions. The thyrotropic assays 
were made by the Bergman-Turner chick meth- 
od. Included in the study were the glands of 102 
female and 90 male subjects. 

In brief, a definite positive correlation was 
found between the growth rate and the thyro- 





2? Evian, H. D. ano C. W. Turner. Research Bull. 257, 
Univ. of Mo. Agricultural Exper. Sta. 1942. 
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tropic-hormone content of the anterior pituitary 
glands. Thus the glands of swine of the thick, 
rapid-gaining type had a higher concentration 


of thyrotropic hormone than did those of the | 
longer, rangier, slower-gaining type. Within a | 


given type, individuals showing more rapid gain 
in weight under standard conditions had anterior 
lobes containing 27 per cent more chick units of 
thyrotropic hormone per gram of tissue than did 
those of the slowly-gaining group. Studies at 
different ages showed that during the period of 
rapid growth, there was a definite rise in the con- 
centration of the thyrotropic factor and as the 


growth rate slowed down the thyrotropic po- [ 
tency decreased. These results confirm similar | 


findings in rabbits and in rats, earlier reported 
from the same laboratory. 

To what extent thyrotropic hormone deficiency 
plays a role in growth-retardation in human 
beings now presents an interesting problem for 
clinical investigation. 


R.G.H, 
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